Elucidating the interactions between the adhesive and transcriptioanl functions of beta-catenin in normal and cancerous cells by van Leeuwen, Ingeborg M. M. et al.
 
	
  
ﬀﬁﬂﬃ !#"$% 
	%ﬂ'&ﬁ (	 (ﬂ)
*+ﬀﬁ-,./ﬀﬁﬂ0ﬀ1,
243
5
 
 ﬀﬁ)6 7(	 //ﬀﬁﬂ/
ﬂ
8:9<;>=@?BA>CD;(EGFHE4FJI
K>91LM=@=ONQPR=O9.SUTWVX=OYZ=O9ﬁEGF\[R]^C_9<=>T\`YZabI>=@C)c)Fed>=O9Jfg=O9MTWd>AihJ9kj5FWl/aZ9<;
monqpWrtsDnRuqv>sxwGy>r{z<nq|}y>rt~_y
Mw4n_
~tO~pBny>p\)~v
bvD>o/~{Ł~~v
pGvui\~n_}wGy>r{z<nq|}y>rt~q_
\@z^vOv
vuxw4y>r{z.nq|}y>rt~_y>\O~n@p\nq_5pJ~{
nqs~trtvu5v>rrt~{pQ>z^y
|!
v>rrt~{pQ
z^y>|o!X/pJ~trnD~{pQUiv>|
S
mv
s sgnq¡.v>p\Unqpenr¡vi¢
£xCOFW8E¤E¥IK>91L=@=ONUP=O9
¦9JaZI>=@C_fDab§¨]A>©ªXA>§g§Da«9<;ihJK>¬
­.®
h<AQAiYMA>©E¯K
§Dh<=O¬}K
§Da
®
K>Y
­.®
ab=O9
®
=Of
°A>±B=5[NJaZY«²JaZ9<;!³x´
ªA>§g§DaZ9<;ihJK>¬µª¶/·¸
j£
¦x9Jab§g=O²kl/aZ9J;i²<Ai¬
¹JKºB»e¼/¼x½>½¤¾t¿UÀ Á>ÁOÂÃ>Â.Á5´>Ä>´i·
aFÅ¬1FÅ¬kFÆIK>9WYb=@=ONUP=O9\Ç¬K
§DhJf@FÅ9<A>§g§DaZ9J;ihJK>¬kFÅK
®
FÅN<È
®
ÉËÊ
v
Ì.s p\y
#vu(Íz.n_v
sgnOrt~ty
M)~v
bvD>
¸
¿>¿U·QTBaZ9±JCD=OfDf
²<Aia»ZÁ@¿.FZÁ@¿<ÁOÎiÏDÐ@F Ð§g?\aFH¸
¿>¿U·QFÅ¿<Á
FÅ¿<ÁOÃ
ÑoÒ ÓÔBÒÕZÖ\×#ØŁÙWÚ>Û}Õ¡×g×ÓŁÜﬁ×Ý%ÞRßZØÓàÕÓÒá\â_ÕÓ Öãâ Ó ä>å/æ\Ó
Ú
Ò'ÙUçÒè1é^ê>ê<ë
 
	
 9Q§fDab;i9JK>YZY«aZ9<;ﬁaZf%aZ9QI>AiYbI>=O²aZ9+K¤PXaZ²<=(C_K>9<;>=A>©)±WhQ].fDabAiYbA>;ia
®
K>YK>9J²+±WK
§DhJAiYbA>;ia
®
K>Y±JCDA
®
=OfDfg=Of@F)h<=±JCD=OfD=O9
®
=)A>©ãK>9=qº.§gC_K
®
=OYZYZNJY«K
C 9Q§ fg§Da«¬NJY«NJfaZ9J²JN
®
=Of
®
]Q§gA>±WY«K>fD¬}a
®
fg§DK
?\aZYZaZfDK

§DabAi95K>9J²!9^N
®
Yb=OK
C§gCK>9JfDYbA
®
K
§DabAi9/A>©
®
K
§g=O9JaZ9ãT
K)±JC_A>§g=OaZ9/§DhJK
§#K>YZfgAX±WYZKO].fK>9/=OfDfg=O9Q§DaZK>YQCDAiYb=
aZ9
®
K>²Wh<=@C_aZ9¬}=O²JaZK
§g=O²K>²Wh<=OfDabAi9ãFPA!¬K>aZ9hQ]^±eA>§DhJ=Ofg=OfhJKOI>=?B=@=O9±WCDA>±BAifg=O²
®
Ai9
®
=@C_9
aZ9<;§Dh<=%?WK>YZK>9
®
=?B=@§¨PR=@=O9
®
K
§g=O9JaZ9Åf/K>²Wh<=OfDabI>=K>9J²§gC_K>9Wf
®
C_ab±J§DaZAi9JK>Y©tNJ9
®
§DaZAi9Jf@»e=Oab§Dh<=@C

®
K
§g=O9JaZ9Åf©tK
§g=xa«fR²<=@§g=@C¬}aZ9<=O²?Q]
®
Ai¬±B=@§Dab§DaZAi9?B=@§P=@=O9ab§DfR?WaZ9J²Ja«9<;±WK
CD§D9<=@Cf@TUA>Cﬀ 9Q§
aZ9J²JN
®
=Of!©{AiYZ²JaZ9J;¯A>©ﬁ
®
K
§g=O9JaZ9 aZ9U§gAGK
®
Ai9J©A>C_¬K
§DabAi9K>YZYbA
®
K
§g=O²±JCD=@©{=@CD=O9Q§DaZK>YZYb]4§gAG§gC_K>9
f
®
C_ab±J§DaZAi9ãFﬂ)hJ=5=qº.±e=@CaZ¬=O9Q§DK>Y ²JK
§DKfDNJ±J±BA>CD§DaZ9<;=OK
®
h hU]^±BA>§Dh<=Ofg=OfxCD=O¬}K>aZ9¤aZ9
®
Ai9
®
YZNJfDabI>=>F
8:9§DhJa«f±\K
±e=@CP=±JCD=Ofg=O9Q§K9<=@P ¬}K
§Dh<=O¬}K
§Da
®
K>Yo¬A.²<=OYA>© §Dh<=ﬃ 9U§±WK
§DhQPKO]§DhJK
§/aZ9
®
A>CD±BA>C_K
§g=Of
®
K
§g=O9WaZ9Åf²WNJK>Y©tNJ9
®
§DabAi9ãF  =¤NJfg=1§DhJa«f¬A^²J=OY§gA
®
K
CDCD]AiN<§KGfg=@C_ab=Of}A>©
~p  ~~_v
=qº.±B=@C_aZ¬=O9Q§DfK>9W²
®
Ai¬±\K
CD=%§Dh<=%?e=OhWKOI.abAiN<CXA>©fg].fg§g=O¬}fx;>AŁI>=@C_9J=O²?Q]1=OK
®
hGhQ]!
±eA>§DhJ=OfDaZf@Fe`N<CXK>9JK>Yb]^§Da
®
K>YCD=OfDNJYb§DfXK>9J²ﬁ¬A.²<=OY fDaZ¬!NJYZK
§DabAi9Jf±WCDAŁI.aZ²<=/©tN<CD§DhJ=@CaZ9Jf_ab;ihU§)a«9U§gA
§Dh<=
®
NJCDCD=O9Q§!NJ9W²<=@C_fg§DK>9J²WaZ9<;kA>©" 9U§fDaZ;i9JK>YZYZaZ9J;1K>9J²ãT a«94±WK
C_§Da
®
NJYZK
COTCD=@I>=OK>Y²Ja$#B=@CD=O9
®
=Of
aZ9+§Dh<=kCD=Ofg±BAi9Jfg=(A>©x§Dh<=§PA4¬A.²<=Of%A>©aZ9Q§g=@C_K
®
§DabAi9 ?e=@§¨PR=@=O9 K>²Jh<=OfDabAi9K>9J²f_ab;i9JK>YZYZa«9<;
aZ9
®
=@C_§DK>aZ9
~p ~{ ~_v
fD=@§g§DaZ9<;if@F  =1K>YZfgA=qº.±WYbAiab§AiN<C}¬A.²<=OYR§gAa«9UI>=Ofg§DaZ;iK
§g=k§Dh<=kaZ¬±WK
®
§
A>©§Dh<=¬NJ§DK
§DabAi9Jf¬Aifg§
®
Ai¬}¬Ai9WYb]}A>?Wfg=@C_I>=O²(a«9h^NJ¬}K>9
®
AiYbA>CD=
®
§DK>Y
®
K>9
®
=@COF
­
aZ¬!NJYZK
§DabAi9Jf
fDh<AŁP §DhJK
§§DhJ=xK>¬AiNW9U§A>©©tNJ9
®
§DaZAi9JK>Y\³x°ﬀ% CD='&^NJabC_=O²}§gA¬}K>aZ9Q§DK>aZ9K%9<A>C_¬}K>Y\±Wh<=O9<A>§¨]Q±B=
aZ9
®
CD=OK>fg=OfPab§DhaZ9
®
CD=OK>fDa«9<;fg§gCD=O9<;>§DhA>©§Dh<=( 9Q§XfDaZ;i9JK>YT.K%CD=OfDNJYb§PXhJa
®
hkaZYZY«NJfg§gC_K
§g=OfR§DhJK
§
§Dh<==O9UI.abCDAi9J¬}=O9U§
®
K>9kfDN<?Wfg§DK>9Q§DaZK>YZYZ]%a«9)WN<=O9
®
=?BA>§Dh§DNJ¬}AiN<CaZ9Jab§DaZK
§DaZAi9}K>9J²(±Wh<=O9<A>§¨]Q±B=>F
nq* v
sg@¢
K>²Jh<=@CD=O9Wf ÐgNJ9
®
§DabAi9ãT
®
AiYbA>CD=
®
§DK>Y
®
K>9
®
=@COTW³x°ﬀ% ¬N<§DK
§DaZAi9ãT
®
CD]^±J§)²<].9JK>¬}a
®
f
+ ,
-/.021436587.29:1/-
;=<?>@>'AﬂBC>
DFEHGJI>
KJLMENBPOFQFGJ>
QRSGTDFUKT>
EHEVXWYDBﬁZ:RSDB[EHGTUD\XKTKTGJDFUﬁ]F\XBP<^ﬁ\LM_H>
UOFKT\XBP>`E4BP<F>">Aﬂ]F_H>
Eba
EHGTcDdceBP\_CU>B"U>
D?>
E"GTDIcKJI>`QdGTDfe:OFDFQF\gh>`DB\Ki`>
KTKJOFKj\X_6]F_Hcﬂi`>
EHEC>
E`kECOFi<l\Emi
>`KTKF]F_HcKTGne:>
_C\!a
BCGTcDkQFGJop>
_H>
DBPGT\XBPGJcD kgqGTU_P\XBCGTcDd\D?QhQF>
\XBP<rsWtB@]FKT\LsEu\i
>
DBC_P\K/_CcKJ>=GTD ke:c_uGJDFEHBP\DFi`>kBP<F>
i`cﬂc_CQFGJD\XBPGJcDlcXe>
gfvF_NLcD?GTiwQF>I>`KTc]Fgq>
DBZyxﬁ_C>`DFD\Dz\D?Qzxﬁ_Cc^{D k|X}}~FﬂﬃGT>
KJgl\XDh>B{\Krnk
|X}}|['k/BC<F>_C>`DF>`^ﬁ\Kce"BC<F>\QFO?KJBﬃGJDBC>
ENBPGTDF\K6>`]FGJBC<F>
KJGTOFgZyx(\XBPKJKT>M>`BM\KrJk|}}|ﬂmEﬃ>B\Krnk
|X}}ﬂ8\EC]F\_\DFQŁcsQFQF>Xk8|}}~[w\DFQBC<F>dgl\XGTDBP>`D\DFi`>qcXe(EHBC>
gi`>
KTK"DFGJi<F>
ElZﬃc_HGTDF>`
>B\XKrnk(ﬂusB\\XKk"|}}ﬂﬀu\DQF>zRŁ>BP>`_CGTD?U>B\KrJkm|}}|['rm;=<F>GTgq]pc_NB\D?i
>ceRSDB
EHGTUDF\KTKJGTDFUGJE\XKTECc_C>>
iBP>`QGTDBP<F>hEC>
_HGTcO?Ei`cDFEC>`OF>
DFi`>
EdceﬁGJBPEMQ?LsEHe:O?DFi`BCGTcD r6ﬀ\!BP<FcKJcXa
UGT>
EuBP<\!Bﬁ<\I>wvp>`>
DKJGTDFX>
QhBCcRSDB(EHGTUD\XKTKTGJDFUﬃGTD?i
KTO?QF>KT`<F>
GJgh>`_
 EﬁQFGJEC>\XEC>Z¡ﬁ<F>`IX\KJKTGJ>
_
>B=\KrJks|X}}['ks_H>`BCGTD\KQF>`U>
D?>
_P\!BPGTcD¢Z£\igl\XD kF|X}}['kcEHBC>
c]/c_CcECGTE¤Zﬃc\Lh\DFQxﬁ_Cc^{D k
|X}}ﬂ?R>
ENBP>`DFQFc_Nem>`B¤\Krnk|}}~[(\DFQzIX\_CGJcOFE=<OFgh\Di\DFi`>
_HEZﬃGTKJ>
E(>Bw\XKrnk|}}¥ﬂFWYKJL\E
k
|X}}['r WYD]F\_HBCGTi
O?Kj\_`kpU>`DF>`BCGTiq\KnBP>
_C\XBPGJcDFEﬃ\!o>`i`BPGJDFUzi
cgq]/cDF>
DBCEMcXe@BC<F>RSDBM]\!BP<^(\L
\X_C>¦_H>
EH]pcD?ECGTv?KT>ze:c_hcI>
_}§¨ceﬃi
cKTc_H>
i`BP\K{i\D?i
>
_HEZﬃGJDF
KJ>
_h\DFQ©"cU>
KTENBP>`GTD k=ª?
«¬\Q?BC>M\DFQ¦¡ﬁKT>I>`_CE
kp|}}[r
RSDB¤ECGTUD\KTKJGTDFU_C>
UOFKj\XBC>
E¬U>
D?>>'A?]?_C>
EHECGJcD­vLi
cDBP_HcKTKJGTDFUd® aYi
\XBP>`DFGTDzKJ>`I>`KTE`r/WYD¯BP<F>\vﬂa
|
EH>
DFi`>ﬁce\{RSDBHatECGJUD\K/Z  co(!ENB\XBC>['k!iLBPc]FKT\ECgqGTim® ati\XBC>
DFGJDGJE8_C\]FGJQFKJLﬃgh\_H>
QMe:c_QF>
U_P\!a
QF\XBPGJcDvLM\{]F_HcBP>`GTDi
cgq]FKJ>AﬃBC<\XB8GTDFi`KTOFQ?>
Ewu¡¤r2WYDi`cDBP_C\EHB
k2^{<?>
D>'AsBP_P\Xi
>
KJKTOFKT\_RSDBHa
ey\Xi`BPc_CE"vFGTD?QqBCcEHOF_Hey\i`>¤_H>
i
>`]?BPc_CE¤Z  cD EHBP\XBP>[kBP<?>¤\iBPGnIﬂGnBYLcepBP<F>{i
cgh]FKJ>AdGJE"GTDF<FGJvFGJBC>
Q
\XDFQ ki
cD?EC>
OF>`DBPKJLkpO?DF]F<FcEH]F<Fc_NLsKj\XBC>
Q¦® ati\XBC>
DFGJD¯\Xi
i
O?gfOFKj\!BP>
E¬GTDBC<F>iLBPc]FKT\ECgrWtB¬GTE
BC<F>
D\XKTECc\vFKT>BPcl>
DBP>`_wBPclBC<F>fDOFi
KJ>
OFE`kp^{<F>`_C>GnB¤vFGJDFQFE¤BCclBP_C\DFEHi
_CGJ]?BPGJcD¯ey\Xi`BPc_CE¤e:_Hcg
BC<F>f;¬¡(mV8" ey\XghGJKJL\XDFQ­>`I>
DBPOF\KTKnL¦GJDFQFOFi`>
E¤BC<F>>'A?]?_C>
EHECGJcD¢ce"DOFgq>
_CcOFE¤RSDB¤BP\_Na
U>`B¬U>
D?>
E
rRSDBHatgh>`QFGj\XBC>
Qzgh\KTGJUD\DB(BC_P\DFENe:c_Cgh\XBCGTcD_H>
EHOFKJBCE¬e:_Hcg U>`DF>`BCGTiM\KJBC>
_C\XBPGJcDFE
BC<\XB¤ghGJghGJi\hi
cDBCGTDOFcO?E¤RSDBwECGJUD\K8\D?Q k/BC<F>
_H>
vLki\OFEH>\D¦\vp>`_C_C\DBﬃ\i`i
OFgfO?Kj\XBCGTcD
cXeﬀ® aYi
\XBP>`DFGTDZyxﬁ>
<F_H>
DFE`kp|}}['r
® ati\XBC>
DFGJD¢GTEﬃ\gfOFKnBPGne:OFDFi`BCGTcDF\K]F_CcBC>
GJDBC<\XBﬃGJEﬃ>
EHEC>
DBCGj\KmDFcXBcDFKJLe:c_¤RSDBMECGJUD\KJKTGJDFU
v?O?B\KJECc¦e:c_i`>
KTKsi
>`KTKu\QF<?>
ECGJcD r8(BBC<F>i
>`KTK"gq>
gfvF_C\DF>Xk6GnBvFGJDFQFEMBPc¦BC<F>i`LBCc]FKj\XECgqGTi
Q?cgl\XGTDce"ﬀaYi
\QF<F>`_CGTDk/^{<FGJi<­i
cDFEHBCGJBPOﬂBP>
E¬BP<F>]F_CGJgl\X_HLzi
cgh]/cDF>`DBce"\XQF<F>
_H>
DFEHOFDFia
BCGTcD?EzZ
	\gqc_C\¦\DFQ OFi<?E
k"|}}|ﬂ8>
_H>
a¯c_H>
DFc>`B\Krnk|X}}¥['rﬀ¤KnBP<FcOFU< ® aYi
\XBP>`DFGTD E
\XQF<F>
EHGJI>¤\D?QqBC_P\DFEHi
_HGT]?BCGTcD\XK?e:OFDFiBPGTcDFE"<\I>¬KTcDFUv/>
>`DlDFc^{D¢ZOFEHECKT>`GTDﬂa"cKT<F\_CQd\D?Q
RSGJ>
EHi<\OFE`k/}?w
\^ﬁ\?k[kXBP<F>{gq>
i<\D?GTECgqEmvLf^{<FGJi<hGnB"GTE"\KJKTcsi\XBC>
QBCc\]\_NBPGJia
O?Kj\_6\i`BCGJIsGJBYL_H>
gh\GTDMOFDFi`KT>
\_(ZyxﬁGT>`DFk|}}ﬂ!£¤\_H_CGTE6\DFQf6>
Gne:>
_`k|}}ﬂ>`KTEHcD\DFQOFEHEC>k
|X}}~['rWtB¤<\XE¤v/>
>
D¦]F_Cc]/cEH>
Q¯BC<\XBi
cgq]/cDF>
DBCE¤ce6BP<F>MBY^ﬁc]F\XBP<^ﬁ\LsEwEHGTgq]FKJLli
cgq]/>`BP>
e:c_=®4ati\XBC>
DFGJDzvFGTDFQ?GTDFUFrF£c^ﬁ>I>`_
k/GJB=<\XE¤\KJECcv/>
>`D¦<Ls]pcBC<F>
EHGTEH>
Q¯BC<\XB¬® aYi
\XBP>`DFGTDz>AﬂGJEHBPE
GJDBY^ﬁc ghcKT>
i`OFKj\X_e:c_HghEf^{GnBP< QFGJop>
_H>
DBqvFGTD?QFGTDFU\hD?GJBPGJ>
EZcBHB\_HQFG=\D?Q©ﬃOFgfv?GTDF>`_
k
|X}}~['rwGJop>
_C>`DBﬁ>'A?]/>
_HGTgq>
DB\XK/ENBPOFQ?GT>
E@ECOF]?]pc_NB(>
\i<<Ls]pcBC<F>
EHGTEﬁ\DFQ\XDl>
D?i
cgq]\EHECGTD?U
gq>
i<F\DFGTEHg _C>`gl\GJDFEmBPcMvp>¬>
KJOFi
GJQ\XBC>
Q rWYDqBP<FGJE@\X_HBPGJi
KJ>k^@>¤OFEH>gh\XBC<F>
gh\XBPGJi\K?ghcsQF>
KJKTGJDFU
BCchGJDI>
ENBPGJU\XBP>BP<?>MIX\_HGTcOFE=<Ls]/cBP<F>`EC>`Ewi
cD?i
>
_HDFGTD?UhBP<?>GJDBC>
_C\i`BCGTcDFE{v/>`BY^@>
>`D¦RSDBwECGJUXa
DF\KTKJGTDFU\XDFQ¯i`>
KJKsi`>
KTK\QF<F>`ECGJcD r
;=<?>
c_H>`BPGJi\KghcsQF>
KJE i
cDFEHBCGJBPOﬂBP>"\DﬃGJgh]/c_HBP\DBBCcﬂcK!e:c_ OFD?QF>
_HEHB\XDFQFGTD?UvFGJcﬂi<?>
gqGTi\XKX]\!BP<ﬂa
^ﬁ\LsE
rFRS<FGJKT>BC<F>ﬃi
KT\ECEHGTiGTi<\>`KTGJE¯>`DBP>
Dz>`sOF\XBPGJcDGTE(>'AsBP>
D?ECGJI>
KnLz\]F]FKJGT>`QlBPcEHGTDFUKJ>
>`DF`Lsgq>sGJDF>`BCGTi`E
kFgqc_C>¤i
cgq]FKT>'Agh\XBC<F>
gh\XBPGJi\K/gqcﬂQF>`KTEﬁ\_C>ﬃ_H>
OFGT_H>
QBPcq\DF\KJLsEC>ﬃKT\_CU>
_
v?GTcKJcUGTi
\K(ENLﬂENBP>`ghE`kﬁECO?i< \XEhBP<?>¦i
>`KTKsi`Lsi
KJ>¯_H>
UO?Kj\XBCc_HL DF>BY^ﬁc_C ZcI\ \DFQ ;"LsECcD k
|X}}~F(s^(\!Bz>`B\KrJk(|}}~[h\DFQ BP<F>¢_H>
UO?Kj\XBCGTcD cXem;{ sGJDF>`BCGTi`EGTD gfO?ECi
KJ>Z
	>`DF>
EHcD
>B\KrJkp|}}}[rﬀ4>
>\XDFQ­i
c!at^@c_CX>
_CEﬃ<F\I>_C>`i
>
DBCKJL¯]F_C>`EC>
DBC>
Q \lgh\XBP<F>`gl\!BPGTi
\K4gqcﬂQF>`K6cXe
BC<F>RSDBﬃEHGTUD\XKTKTGJDFUd]\XBC<^ﬁ\L¦BCcGTDI>`EHBCGTU\XBC>BC<F>fGTgq]/c_HBP\DFi
>Mce"\2A?GJD kp\li
cgq]/cDF>
DBﬃcXe
BC<F>fQF>`EHBC_COFiBPGTcD¢i
cgq]FKT>'ApkGTD¯BP<F>BC_P\D?ECQFOFiBPGJcD¢cemBP<?>RSDBﬃECGJUD\K(Zﬃ_ﬁOFU>`_¤\XDFQ£>`GTDﬂa
_HGTi< k|}}~?ﬂ4>`>>`B\XKrnk|}}¥[r8¤KnBP<FcOFU<ŁBC<FGTEghcsQF>
KuGTEv\EH>
Q cD\¦Q?>`B\XGTKT>`Q _C>
\i`BCGTcD
EHi<F>
gq>kGnB(QFcs>
E=D?cB{\i`i
cOFDB{e:c_uBP<F>ﬃQFOF\K _CcKT>¤cXe6® ati\XBC>
DFGJD rﬂR>w<\I>ﬃBC<F>
_H>`e:c_H>ﬃQF>`I>
Kna
c]p>`Q¢\lDF>^ gl\XBC<F>
gh\XBCGTi\XK4ghcsQF>
K4e:c_¬BP<F>MRSDBwECGJUD\KJKTGJDFUd]\XBP<^ﬁ\L¯BC<\XBwGJDFi
c_C]/c_P\XBC>
E
i
\QF<F>`_CGJDﬂaYgq>
QFGT\XBP>`Q¢\QF<?>
ECGJcD¢\D?Q\i
i`cOFDBPEwe:c_BP<F>f]?_Cc]/cEC>`Q¢gh>`i<\DFGJECgqEwce"GJDBC>
_C\ia
BCGTcDzv/>`BY^@>
>`D¦® aYi
\XBP>`DFGTD  E{\QF<?>
ECGnI>\DFQzBP_C\DFECi`_CGJ]?BPGJcD\K/e:OFDFi`BCGTcD?E
r
WtB@GTE"U>`DF>
_C\KTKnL\iDFc^{KJ>
QFU>`QlBP<F\XBkGJDhQF>I>`KTc]FGJDFUMghcsQF>
KJE"cei`cgq]FKT>'AdvFGTcsi<F>`ghGJi\KFD?>`BHa
^@c_HsE`k?BP<?>IX\KTO?>
E(ceBP<F>wgqcsQF>
K/]\_C\gh>BP>`_CEﬁi`cDFENBPGJBCO?BP>¤\gh\Hc_uECcOF_Hi
>ﬃce OFDFi
>`_HBP\GTDBYLr
c_ugqcEHB@vFGTcsi<F>`ghGJi\KDF>BY^ﬁc_CE
kFGJDFi
KJOFQFGJDFUMBC<F>¤RSDB(]F\XBP<^ﬁ\Lk?GTD?>`BPGJii`cﬂ>ﬃqi
GT>`DBPE=\D?Q
i`cDFi`>
DBP_C\XBPGJcDFE{ce6ghcKJ>
i`OFKj\_@i
cgq]/cDF>
DBCE\X_C>ﬃKj\X_CU>`KJLhOFDFDFc^{D rpﬂcgq>ﬃ]\_C\gh>BP>`_(I\XKna
O?>
Eﬃi\XD­ECGJgh]FKnLzDFcBﬃv/>gq>\XECOF_H>
Q­^{GJBC<­BP<F>>Aﬂ]/>
_CGJgh>`DB\K8BP>
i<?DFGTOF>`E\IX\GJKj\v?KT>ﬃBPcsQ\Lk
^{<?>
_C>
\E8cBP<F>`_CEGTD?i
KTO?QF>"gh>
\ECOF_H>
gq>
DB8>
_H_Cc_HE
k^{<FGJi<gqGTU<B4<F\I>ﬁ\=EHGTUDFG i\XDBGJgh]F\i`B4cD
¥
BC<F>MEHLsEHBC>
g Evp>`<\IﬂGJcOF_`r/¡ﬁcDFEC>`OF>
DBPKnLkp>AsBP_C\]pcKj\XBCGTcDceﬀghcsQF>`K ]F_C>`QFGTiBPGJcDFE{v\EH>
Q¦cD
]F\_P\gq>`BC>
_IX\KJOF>
Emgq>\EHOF_C>`QhGJDd\ﬃ]\_HBCGTi`OFKj\_6EC]/>
i`GT>
E"c_mi`>
KJKFKTGJDF>Zy>Xr U?r>`>=>`B@\KrZ|X}}¥[' E
gqcsQF>
K GJE{]\_P\Xgh>BP>
_HGTEH>
Q^{GJBC<¯Q\!B\fe:_Ccg 	
>AsBP_C\i`BCE[(BPch\DFcBC<F>
_{EC<?cOFKTQzv/>_H>a
U\_CQF>`Q^{GJBP<>'AsBP_C>`gh>ﬃi
\O?BCGTcD Z:>r UFr¡ﬁ<Fc>B¬\Kr Z|}}ª[uQF_C\^ i`cDFi
KJOFECGJcDFE=\XvpcOﬂB=<OFgl\XD
i`cKTc_C>
iB\Ki
\DFi`>
_"e:_Ccg >`>>B@\KrZ|}}¥[ EugqcsQF>
Kj[rQ?IX\DB\U>
Euce gh\XBP<?>
gh\XBPGJi\KﬂghcsQﬂa
>`KTKJGTDFUd\_H>MBC<\XB¬>`I>
D¦^{<?>
D­_H>
KTGT\vFKJ>ﬃ]\_P\Xgh>BP>
_=IX\KJOF>
E¬\_H>OFDF\IX\GJKj\v?KT>wGnBGJE{]pcEHECGJvFKT>ﬃBPc
Q?>`BP>`_CgqGTDF>qBP<F>lU>
DF>`_CGJilv/>
<\IsGTcO?_fce=BP<?>lEHLsENBP>
gkﬀBCc­i
cgq]\_H>l]/cBP>`DBPGj\XK@gq>
i<\XDFGTEHghE
cXem\iBPGTcD kFBPcqU>
D?>
_P\!BP>MDF>`^ <Ls]/cBP<F>`EC>`Eﬃ\DFQBPcqGTQF>`DBCGJe LBC<FcEH>]\X_P\gq>`BC>
_CE=^{<FGJi<¦<\I>
BC<F>ghcEHB{QF_C\gl\!BPGTi¤>`op>
i`BcDBP<?>MENLsEHBP>`g¯ E¤QﬂLﬂDF\ghGJi
E{\D?Q^{<FGJi<¯EH<FcOFKJQ kFBP<?>
_C>e:c_C>Xkvp>
Q?>`BP>`_CgqGTDF>`Q¯gqcENB¬\i
i`OF_P\XBC>
KnLr
;=<?GTE8\_HBCGTi`KT>mGTEc_HU\DFGJEC>`Q\E4e:cKJKTc^{E
r
WYDBP<?>uD?>AsBﬀEH>
iBPGTcD k^ﬁ>uQF>
EHi
_HGTv/>@® aYi
\XBP>`DFGTD E_CcKT>mGTD
i`>
KJKsi`>
KTKﬂ\QF<?>
ECGJcDq\DFQRSDB"ECGJUD\KJKTGTD?UFki
cD?i
>
DBC_P\XBCGTDFUcDBP<?>=ECOF_Ney\i
>=>`]FGJBC<F>
KJGTOFg ceBP<F>
UO?BrFR>ﬃBP<F>`D¯QFGJECi`OFECE¬<Fc^ BC<F>EH^{GJBCi<¦v/>`BY^@>
>`D­GJBCE(BY^ﬁcde:OFDFiBPGTcDFE{ghGJU<B=vp>_H>
UOFKT\XBP>`Q r
s>
i`BCGTcD¯¥hGJE{i
cDFi`>
_HDF>
Q¦^{GnBP<zBP<F>MQF>I>
KJc]Fgq>
DBcecO?_gh\XBP<?>
gh\XBPGJi\KpghcsQF>
Kr?R>Me:csi
OFE
cDBC<F>d\EHECOFgq]?BPGJcDFEwBC<\XBﬃOFD?QF>
_HKTGT>BP<F>gqcﬂQ?>
KkpcD­BP<?>QF>
_HGJIX\XBPGJcD¢ce"BP<?>ghcsQF>
K6>
O\!a
BCGTcD?E¤\D?Q­cD¦<?c2^ BC<F>BY^@c]F_Hc]pcEC>
Q¦gh>`i<\DFGJECgqE¤cemGJDBP>
_C\i`BCGTcDv/>`BY^@>
>
D® aYi
\XBP>`DFGTD E
\XQF<F>
EHGJI>\DFQ¦BC_P\D?ECi
_HGT]?BCGTcDF\K4e:OFDFi`BCGTcD?E¤i
c_C_C>`EC]/cDFQ¦BCcEC]/>
i`G ighcsQF>`K6]\X_P\gq>`BC>
_{I\XKna
O?>
E¤Z:e:OF_NBP<F>`_"BC>
i<FD?GTi\XKQF>`BP\GTKJE"\_C>{]F_Hc2IsGJQF>
QqGTDBP<?>]F]p>`DFQFG A['rWYDs>
i`BCGTcDq~ﬃ^ﬁ>¬>Aﬂ]FKT\GTD
<?c2^ cOF_=RSDB¤gqcﬂQ?>
K4]/>
_He:c_CgqE=GTDzBP<F>]F_H>
EC>`DFi
>f\DFQ¯\vFEC>`DFi
>cem\RSDB¬ECGTUD\K\DFQOFEH>
BC<F>(gqcﬂQ?>
KBPcw]F_H>
QFGJi`Bﬀ<Fc^ Q?GJop>
_C>`DBmgl\XDFGT]FO?Kj\XBCGTcDFE`kECO?i<h\XEﬀgfO?BP\XBPGJcDFE6GTDBC<F>(¤@¡\D?Q
ﬀati\QF<?>
_CGJD¢BPOFgqcOF_ﬃEHOF]F]F_H>
ECEHc_CE`kﬀ\!o>`i`BﬃBP<?>qENLsEHBP>`g¯r4;=<?GTEﬃ>
DF\vFKT>`EOFEﬃBPczQFGTEHi
_HGTgqGTD\XBC>
v/>`BY^@>
>`DBP<F>@]F_Cc]/cEH>
QfgqcﬂQ?>
EﬀcXeGTDBP>`_P\iBPGJcDv/>`BY^@>
>`Ddi
>
KJKsi`>
KJK\QF<F>`ECGTcD\DFQfEHGTUDF\KTKJGTDFUFr
WYD¦EC>
iBPGJcD¢ﬂk^@>EHOFghgh\_HGTEC>cO?_gqcﬂQ?>
K4]F_H>
QFGJi`BPGJcDFE\DFQ¯i
cgq]\_H>MBC<F>
g ^{GnBP<¦>'AﬂGTEHBCGTDFU
>'Aﬂ]p>`_CGTgq>
DBP\K4>`IsGTQ?>
DFi`>r/WYD¦]\_NBPGJi
OFKT\_
kFvF\EC>`Q¦cDcOF_{gqcﬂQF>`Kk?^@>]?_C>
Q?GTi`B{BC<\XB{^{GJBC<¯>'Asa
GJEHBCGTDFUdQ\XBP\GJB{GTE{DFcXB]/cEHECGTv?KT>wBPcqQFGJECi
_HGTgqGTD\!BP>wv/>`BY^@>
>`D¦BP<F>BY^@ch<Ls]pcXBP<F>`EC>
E`r £¬c2^@>`I>
_`k
^@>MECOFUU>
EHB¬DF>^ >Aﬂ]/>
_HGTgq>
DBPE=BP<F\XB{i
cO?KTQzvp>]/>
_Ne:c_Cgq>
QBPcq_C>`ECcKnI>ﬃBP<?GTE=GTEHECOF>Xr
 39:1p-F-639/-ﬀﬂﬁﬃﬁy9- 9-.ﬀ /5.
!"$# %'&)(
*+,.-/
01ﬃ23),
;=<?>gh\Hc_{i
cgq]/cDF>
DBceBCGTU<B¬Kj\XBC>
_C\K\DFi<Fc_CGTD?U HOFD?i`BPGJcDFE`kp\XKTECcqDFc^{D\E\QF<F>`_C>
D?E
HO?DFi`BCGTcDFEc_54))6
798:8
&)(
*	,k¤GTE­BP<?> BC_P\D?ECgq>
gfvF_C\DF>]F_HcBP>`GTD ﬀaYi
\QF<F>`_CGTD Zy6>
_H>
'a
c_C>`DFch>B¬\Krnk|X}}¥['r wGTEHOFKT]?<FGTQF>'aYKJGTDFX>
QﬀaYi
\QF<F>`_CGJD<?cghcsQFGJgh>`_CEﬁKJcﬂi
\XBP>`QcDBP<F>ﬃEHOF_Na
ey\Xi
>ce¬\XQC\i
>`DBi
>`KTKTEvFGTD?QŁBPc¢>
\i<cBP<?>
_fGJD\¢¡(\<;>=patQF>
]/>
DFQ?>
DBdgl\XDFDF>
_`r6WYD?ECGTQ?>lBP<F>
i`>
KJKkXBC<F>{i`LBPc]FKj\EHghGJiﬁB\XGTK?cXe ﬀaYi
\QF<F>`_CGJDhvFGJDFQFEBCcMi
\XBP>`DFGTDd] |}\DFQd® aYi\!BP>
D?GTD¯ZﬀGJUFr?[r
;=<?>hKT\XBCBC>
_ﬃ]FKT\LsE\D >
ECEH>
DBPGT\K"_CcKJ>GTD gl\XGTDB\GJDFGTD?UlBP<F>dGJDBC>
U_HGJBYL\XDFQi`c<F>`ECGTcDce@BP<F>
]?_CcBC>
i`BCGJI>¤\D?QhEH>
KT>`i`BCGJI>¬\v?ECc_H]?BPGJcDhvF\_C_HGT>
_m]?_CcIsGTQF>`QhvLBP<?>¬EHOF_Hey\Xi
>¬>
]FGnBP<F>`KTGTO?g ce/BP<F>
UO?Br6GT_CENBPKnLkF\XE{\dENBP_HOFi`BCOF_P\K4i`cgq]pcD?>
DB¬ce6\QF<F>`_C>
D?E HOFD?i`BPGJcDFE`kFGJB=v?_CGTQ?U>
E{ﬀaYi
\QF<F>`_CGJD
BCc@?ati\XBC>
DFGJD k^{<FGTi<GJDBCOF_CDfv?GTDFQFE8BPc¤BC<F>(\Xi`BPGJDfi`LBCcECX>
KT>BPcDrﬂ>`i
cDFQ?KJLkXGJB6_C>`UOFKj\!BP>
E8BP<F>
BCOF_CD?c2I>
_ceﬀBC<F>\XQF<F>
EHGTcD¯i
cgq]FKJ>Aﬂ>
E¬vL¯i`cDBP_HcKTKJGTDFUfBC<F>MBC_P\D?EC]/c_HBceD?>`^ ﬀaYi
\QF<F>`_CGJD
~
gqcKJ>
i
O?KT>
E=BCclBP<F>Mgq>
gfvF_C\DF>Xrc_{_C>IsGT>`^{E¤cD¯BC<F>f\EHEC>`gfvFKJL¯\D?Q¯e:OFDFiBPGJcD¦cem\QF<F>`_C>
D?E
HO?DFi`BCGTcDFE`kEC>`>ﬃOFgfv?GTDF>`_MZ|}}}[k8>
_H>
a¯c_H>
DFch>`B\Kr Z|}}¥[(\DFQz;8>
]\XECEZ|}}|[r
;=<?>=EHB\XvFGTKJGJBYLMceBP<F>=i
\QF<F>`_CGJDi
cgq]FKT>'Aﬂ>
EmGTEﬀ_C>
UOFKj\XBC>
QfvL]?<FcEC]?<Fc_HLsKT\XBPGJcDzZ ¬>
KJECcDd\D?Q
¬OFECEH>kﬂ|}}X~[r we/]\X_HBPGJi
OFKT\_ﬀGJDBP>
_H>
ENB@GJEﬀBYLs_CcEHGTDF>{]F<?cEC]F<?c_HLsKj\!BPGTcDce/®4ati\XBC>
DFGJD kKJ>\Q?GTDFU
BCcQ?GTECEHcﬂi`Gj\XBCGTcDdcepBP<F>¬i
cgh]FKJ>Apr£>`DFi
>Xkﬂ]?<FcEC]?<Fc_HLsKT\XBPGJcDdce ;"Ls_Na
~|lZyxﬁ_C>`gfvp>`id>`B@\Krnk
|X}}~[\XDFQ;uLs_babªX~ Zy«¬cO?_P\­>`Bq\XKrnk@[GJgh]/>
QF>`E\EHECcsi
Gj\!BPGTcD ce¬® aYi\!BP>
D?GTD ^{GJBC< ?a
i
\XBP>`DFGTD\DFQﬀati\QF<?>
_CGJD ks_C>
EH]p>`i`BCGJI>`KJLr?WYDBP>`_C>
ENBPGJDFUKJLksBC<F>¤KT\XBCBC>
_u]F<FcEH]F<Fc_NLsKj\XBCGTcDh>`I>`DB
i
\D­v/>GJDFQFOFi`>
Q­vLiabﬂ_CiXk\qDFcDﬂat_C>
i`>
]?BCc_BYLs_HcECGJDF>GTDF\EC>MBP<\XBGTE¬v/>
KTGJ>`I>
Q¦BCcl]FKT\L\XD
cDFi
cU>
DFGJiﬃ_CcKJ>wGTDz\fIX\_CGJ>`BYLlceﬀ<OFgh\Di
\DFi
>`_CEZ«{OFECEH>
KJKTcd\DFQ¯ﬂ<?c_C>Xk/|}}~['r¡(\Q?<F>
_HGTDﬂa
gq>
Q?Gj\XBC>
Qz\QF<?>
ECGJcDzGTE(e:OF_NBP<F>`_=i
cDBC_CcKJKT>
QIsGT\BP_P\XDFECi`_CGT]ﬂBPGTcD\K_H>
]F_H>
EHECGTcD¯ce6ﬀaYi
\QF<F>`_CGJD
vLz]F_HcBP>`GTDFE=cXe6BC<F>ﬂKTOFUVﬂD\GJKpey\gqGTKnL¦Z¡ﬁcD\Xi
i
G aNﬂc_C_C>`KTK >B¬\Krnk|}}¥[r
!" !

8<)6230 8<7 61 2<8<7$7 2$
RSDBlECGTUD\KTKJGTDFU¦]FKj\LsEl\XD©>
EHEC>`DBCGj\K¬_CcKT>zGTD BP<F>¯i
csc_CQ?GTD\XBCGTcD ceBP<F>i
cDBCGTDOFcO?ElEC>`KJeja
_H>
DF>^(\XK8cXeﬀBP<?>MGJDBP>
ENBPGJD\K EHOF_Hey\i`>>`]FGJBC<F>
KJGTOFgk?GJDFi
KJOFQFGJDFUBP<?>gh\GTDBC>
D\D?i
>ﬃceﬀEHBP>`g i
>`KTK
D?GTi<F>`EZyc_CGTD?>
­>Bf\KrJkﬀ?pu\DQ?>qR>`BC>
_CGJDFU>`B\Krnk|}}|[w\DFQBP<F>qi
cDBC_CcK"ceﬁi
>`KTK
]?_CcKJGJe:>
_C\XBPGJcD kXghGJU_P\XBCGTcDd\XDFQlQFGno>`_C>`DBCGj\XBCGTcDq\KJcDFUﬃBP<?>¤i
_NLs]?B(\2A?GJEwZM\XEC]\_@\DFQlcﬂQFQ?>k
|X}}~['ruKJBC<FcOFU<©\O?BCcﬂi`_CGTD?>¯]F_HcﬂQ?OFi`BCGTcD vL i\XDFi
>`_li
>`KTKJEhceﬃRSDBhey\i`BCc_CEh_C>
EH]pcDFECGJvFKT>
e:c_ﬁBP<F>RSDB{ENBPGJgfOFKTO?Eﬁ<\Eﬁvp>`>
Dz_C>`]pc_NBP>`Q Zx(\Fi
c>`B=\Krnk|}}~[kBP<?>¤RSDB{ECcOF_Hi
>ﬃGJDlBP<F>
D?c_Cgh\KsGTDBP>`EHBPGJDF>(_H>
gh\GTDFE8BPcﬃv/>=GTQF>`DBPG F>
Q rX ]FO?BP\XBPGnI>(EHcOF_Ci`>=GTEﬀBC<F>=gq>
EC>`DFi<Lsgl\K?i
>
KJKTE
EHOF_C_HcOFDFQ?GTDFUBP<?>ﬃvpcBHBPcg ce8BP<F>ﬃi`_HLs]?BZ:u\DzQF>wR>`BC>
_HGTDFUd>`B¬\XKrnk|}}|[rﬂWYDBC<FGTE(EH>
iBPGTcD
^@>d]F_CcIsGTQ?>d\D¢cI>
_NIsGT>`^ ce"BP<F>RSDBECGJUD\KJKTGJDFUh]F\XBP<^ﬁ\L ZﬀGJUFr |[r4c_ghc_H>fQF>B\GJKT>
Q
Q?>
ECi`_CGJ]?BPGJcDFE
k^@>_C>e:>
_BC<F>_H>\QF>`_BCc­_C>`i
>
DB_H>`IsGT>^{EzZﬃGTKJ>
EM>`Bf\Krnk6|}}¥?WYKnL\E`k|}}ﬂ
cﬂcDz>B¤\XKrnk|}}|[ﬁ\DFQ_C>e:>
_C>`DFi
>`EBC<F>
_H>
GTDr
!" !"$# 	

1 8<1 
WYDqBP<F>\vFEH>
DFi`>¤ce \RSDB@ECGJUD\Kkwu¡ ]F_HcBP>`GTD kUKJLsi
cU>
DqEHLsDBP<\EH>wGTD\XEC>¥® ZM?¥®6[
\XDFQ¢\!AﬂGTD¦\ECEH>
gfv?KT>MGTDBPcl\hQF>`EHBP_HOFi`BCGTcD¦i
cgq]FKT>'AzBP<\!BwvFGJDFQFE¬®4ati\XBC>
DFGJD rRS<F>
_H>\Ewu¡
]?_CcBC>
GTD\XDFQ\!AﬂGTD\iBM\EwEHi\XopcKTQ?EqZﬃ_CGJ>
Ew>B\Krnk4|X}}}['k M?¥® GTEw_H>
EH]pcD?ECGTv?KT>e:c_w\XBHa
BP\i<FGJDFU ]F<FcEC]F<\!BP>¢U_HcOF]FElBCcŁBP<?_C>
>¦EC]/>
i
G i\gqGTDFc!atBP>`_CgqGTD\XK(_C>`ECGTQ?OF>
EcXe®4ati\XBC>
DFGJD
;=<?_NaY~?k4ﬂ>`_NaY¥\DFQ ﬂ>`_NaY¥¥Z ﬃ\C\XDFGﬀ>B\Krnk|}}¥? 4GTO­>BM\Krnk |X}}|['rxﬁ>e:c_C>fBC<FGTE¤>`I>`DB
i
\DB\X>h]FKT\i
>Xk4\EC>`i
cDFQGTD\EH>ki\XEC>
GJDsGJD\EH>qW>? Z¡(W>?ﬀ[k4<\XEBCczi
_C>
\XBP>q\z]F_CGJghGJDFU
EHGJBC>ﬃvLl]F<FcEH]F<Fc_NLsKj\XBCGTDFU® aYi
\XBP>`DFGTDz\!B¬ﬂ>
_baY~Z4GTO>`B¬\XKrnkF|}}|[rﬂ;=<F>® aYi\!BP>
D?GTDgfOﬂB\!a
BCGTcD?EmQF>`BC>
i`BC>
QhGTDi\XDFi
>`_@KJGTDF>`Em\_C>=cXe BP>
DqKTcsi\!BP>
Qf^{GnBP<FGJDfBP<F>M?¥® aY_H>
i
cUDFGJBCGTcD_C>`UGTcD
Z:_C>`ECGTQ?OF>
Eu¥| ~[\DFQd]F_H>`I>
DBﬁ® ati\XBC>
DFGJDq]?<FcEC]?<Fc_HLsKT\XBPGJcDZyWYKnL\E`kﬂ6cKT\GTE`kF[r
;=<?>wu¡uaYgq>
QFGT\XBP>`Q¢]F<FcEH]F<Fc_NLsKj\XBCGTcD­>I>`DBCEgl\_Hz®4ati\XBC>
DFGJD¦e:c_wEHOFvFEH>
OF>
DBOFvFGJsO?Gna
BCGTD\!BPGTcDBP<F>­8aYv/cAsati
cDBP\GTDFGJDFU]F_CcXBP>
GJD ® aY;8_¡( _C>`i
cUDFGTEH>
ElBC<F>¦]F<?cEC]F<?c_HLsKj\!BP>
Q _H>a
UGTcD \XDFQSQFGT_H>
i`BCEBP<F> ss]saN¡ﬁOFK`ab8atvpcA ZF¡([hEHLsEHBC>
g BCcOFvFGTOFGnBPGJD\XBP>¯® aYi\!BP>
D?GTDS\XB
EH]p>`i
G i¦_H>
ECGJQFOF>`E¢Z:RO©>B\KrJku|X}}¥['rm;=<F>¦_H>
ECO?KJBPGJDFU OFvFGTOFGnBPGJD\XBP>`Q ® ati\XBC>
DFGJD gh\i
_HcXa

gqcKJ>
i
O?KT>
EwBC<F>
DŁOFDFQF>`_CUc_P\]?GTQ QF>
U_C\Q\XBCGTcDvL\]?_CcBC>\EHcgh>dENLﬂENBP>`g Z:¤v/>
_CKJ>d>`B\Krnk
ﬂ!¡ﬁGJ>
i<\D?c2I>
_`kﬂ[rWYD\QFQFGnBPGJcD k® aYi
\XBP>`DFGTDMGTEEHOFv H>
iBﬀBCc¤DFc_Hgl\XK]F_CcXBP>
cKJLBPGJiu]?_CcXa
i`>
EHEC>
Ef\DFQBPc]F<FcEH]F<Fc_NLﬂKT\XBPGJcDﬂatGTDFQF>`]p>`DFQF>`DBOFvFGJOFGJBCGTD\XBCGTcDVXQF>
U_P\Q\!BPGTcD r;=<F>hKT\XBCBC>
_
]F\XBP<^ﬁ\Lqi
\Dlv/>GJDFQFOFi`>
QhvLBC<F>¬]¥ﬃBPOFgqcOF_"ECO?]F]F_C>`ECEHc_ﬃZGJOh>B(\XKrnk|}}? ¦\XBPEHOF\^ﬁ\
\XDFQ¦«{>
>`Q k/|}}ﬂ2[r
El\¢_H>
ECO?KJBqce¤BC<F>\i`BCGJIsGJBYLŁce¤BC<F>zQF>
ENBP_HOFi`BCGTcDi
cgq]FKJ>Apk"\DL® aYi
\XBP>`DFGTDBP<F\XBqGTEdDFcB
\XKTKTcsi\!BP>
QfBCci\QF<?>
_CGJDﬂaYgq>
Q?Gj\XBC>
Qi
>`KTKsi
>`KTKF\XQF<F>
EHGTcDqGTEm_C\]FGJQFKJLQF>
U_P\QF>`Q rs¡ﬁcDFEH>
OF>`DBCKJLk
D?c® aYi
\XBP>`DFGTD>`DBC>
_HE6BP<?>uDOFi`KT>`OFE
r D?QF>
_BP<F>`EC>@i
cDFQ?GJBPGJcDFE`k
BP<F>mBC_P\DFEHi
_HGT]?BCGTcD\XK_C>`]F_C>`ECECc_
ﬃ_CcOFi<FcFk^{<?GTi<qvFGTDFQ?E"BCcwBP<F>  ¬ s;¬¡(mV8"¢i
cgh]FKJ>Apk>`DFECOF_H>
E"BP<\!BmBP<F>=RSDB"B\_HU>`B
U>
DF>`E¤\_H>ﬃDFcB¬>Aﬂ]F_H>
EHEC>
QZ¡(\IX\KTKJG \DFQ 4Gj\D?UFk? ﬃ\D?GT>
KJE=\DFQzR>
GTE`k|}}[r
!" !" ! 	


1 8<1 
RSDBzEHGTUD\XKTKTGJDFUGTEl\i`BCGJIX\XBP>`Q vL BC<F>¢]F_C>`EC>`DFi
>ce>'AﬂBC_P\i`>
KJKTOFKT\_qRSDBey\iBPc_HE¢Z ¯GTKJKT>
_`k
|X}}|['kX^{<FGJi<qv?GTDFQfBCc\w_H>
i`>
]?BCc_¬Z_CGJ
`KT>
Q[ﬀ\DFQq\wi
c_C>
i`>
]?BCc_Z «¬@Vª[6KJcﬂi
\XBP>`QfcDBP<F>
i`>
KJKﬂEHOF_Hey\i`>ﬃZyﬀGTUFr!|[rRSDBvFGJDFQFGTD?U¤GTD?QFOFi
>`E
k!vLf\DOFDFDFc^{Dgq>
i<\D?GTECgkBP<F>ﬁ\i`BCGJIX\XBCGTcD
cXe¡(ﬃWﬃZﬃGJEC<FGJQ\ﬃ>`Bﬁ\Krnk|}}ﬂss^{Gj\!BP>
>B(\XKrnk|}}~["\XDFQ kGTDq\QFQ?GJBPGJcD kRSDB@vFGTD?QFGTDFUBPc
_HGT
`KT>`Q_C>
EHOFKJBCE{GTDBP<?>M<Ls]/>
_C]?<FcEC]?<Fc_HLsKT\XBPGJcDzce6BC<F>ﬃi`LBCc]FKj\XECgqGTiw]F_HcBP>`GTD wGTEH<F>`I>
KJKT>
Q
ZcDF\KJ>
'aN?\D?i<Fc>`B@\Krnk|}}~v ;6\!\Q\>`B@\KrJk|}}['r;=<F>`_C>¬GTEm>`IsGJQF>
DFi`>¬BC<\XBu_CGJ
`KT>
Q
GJDBP>
_C\i`BCEQFGJ_C>`i`BPKnL^{GJBP< wGTEH<F>`I>
KTKJ>
QSZ RŁcDFU¦>Bd\Krnk6|}}¥[kvFO?B<Fc^ BC<F>\Xi`BPGnIX\XBPGJcDcXe
BC<F>=Kj\!BCBP>`_ﬀB\X>
E"]FKT\i
>=_H>
gh\GTD?EﬀBPcﬃv/>=>
KJOFi
GJQ\XBP>`Q rOF_NBP<F>`_Cgqc_C>XkGTD_H>
EH]pcD?EC>=BPcﬃBP<?>(RSDB
ENBPGJgfOFKTO?E
kF\2A?GJDlBP_C\DFEHKTcsi\XBC>
E(BPcfBC<F>wi`>
KTKgh>`gfvF_P\XDF>ks^{<F>
_H>ﬃvFGTDFQ?GTDFUBCc u«f]F_CcghcBC>
E
GnBPE4QF>`U_P\XQ\XBPGJcDhZ
¦\Xc¬>B6\Krnk2|}}ﬂ\?
;8cKn^{GTDFEHsG\XDFQﬃRSGT>
EHi<\OFE`kX|}}~v[r;=<F>`EC>@_C>\Xi`BPGJcDFE
>I>`DBCO\KJKJLdKT>
\QBPcﬃBP<?>GJDF<FGTv?GJBPGJcDf\XDFQhQ?>
EHBP\vFGJKTGTEC\XBPGJcDce/BP<F>{QF>`EHBC_COFiBPGTcDli
cgh]FKJ>A\DFQ k
\XE"\_H>
EHOFKJB
kGTDBP_C\i
>`KTKJOFKj\_8KT>I>`KTEcep® aYi
\XBP>`DFGTD_HGTEC>Xrﬃ>
DF>BPGJi{\KJBC>
_P\!BPGTcDFEﬀGJD>
GJBC<F>
_m¤u¡c_
® ati\XBC>
DFGJDqBC<\XBu]F_C>I>`DB(]F<FcEH]F<Fc_NLﬂKT\XBPGJcDqceBC<F>¤KT\XBCBC>
_mECGJghGJKj\_HKJLi\O?EC>¬®4ati\XBC>
DFGJDhKJ>`I>
KTE
BCcd_CGTEH>hZcﬂQ?QF>ﬃ>`B\KrJkF|}}? ¯c_CGJDz>`B\Krnk['r
wDFi`>­wu¡uatgh>`QFGj\XBC>
Q Q?>
U_C\Q\XBCGTcD EHBPc]FE
k@®4ati\XBC>
DFGJD©i
\D EHBP\vFGJKTGTEH>¯GJD BC<F>­i`LBCc]FKj\XECg
\XDFQ¯BC<F>
D¦BC_P\I>`K6BCcqBC<F>DOFi`KT>
O?E
rWtBGTE¬v/>
KTGJ>`I>
Q¯BC<\XB® aYi\!BP>
D?GTDQFcﬂ>`E¤DFcXB¤EH<sOﬂBCBPKJ>Me:_H>
>`KJL
e:_Hcg BC<F>hiLBPc]FKT\ECg BCcBC<F>qDsO?i
KT>`OFE
k8vFO?BMBP<F\XBMGJBPEDOFi`KT>\X_MBC_P\DFEH]pc_HBM_C>`sO?GT_C>`EEH>`I>`_P\K
cXBP<F>`_¤]F_HcBP>`GTDFE`kpEHOFi<\Ewx(¡ 8V 4>
UKJ>
ECEfZxﬁ_H>
gfv/>
i>`Bw\Krnkp|}}~?_C\gq]FE¤>Bw\KrJkp|}}|ﬂ
;8cKn^{GTDFEHsGu\D?QRSGT>`ECi<\XOFE
k|}}~\[\XDFQ LsUc]FO?EZy;=<?cgh]?ECcD>`B\XKrnk8|}}|ﬂ4;8c^{DFECKJ>`L
>Bd\KrJk6|}}X~[r 4>
UKJ>
EHEfGTEMDFc^{D BCc­vFGJDFQ ® aYi
\XBP>`DFGTD  E *+  	
(
2$798¢<?cghcKTcU¤_Hgl\Q?GTKTKJc
GJDBP<F>ﬃiLsBCc]FKT\ECg \XDFQBPcBP_C\DFEC]/c_NB{GJB=GJDBCcBP<F>ﬃDOFi`KT>
O?E
rWYDFECGJQF>wBP<?>MDOFi`KT>`OFE
k® aYi
\XBP>`DFGTD
i
\DQFGTEH]FKj\Xi
>ﬃ_CcOFi<Fce:_Ccg ;¬¡(mV8" Z ﬃ\XDFGT>`KTE\DFQ¢RŁ>`GTE`k4|}}[kBP<F>`_C>`vL­>
KTGJghGJD\XBNa
GJDFUhBC<F>_H>
]F_H>
EHECGTcD¢>Aﬂ>
_NBP>
Q¢cD­U>
D?>>Aﬂ]F_H>
EHECGTcD r4¡ﬁcD?EC>
OF>`DBPKJLk i<\D?U>
EwGJD¦>'A?]?_C>
EHECGJcD
csi
i`OF_GTD DOFgq>
_HcOFEfRSDBdB\_HU>`BdU>`DF>
E`rm¤gqcDFU­BC<F>
g \X_C>U>`DF>
Edi
csQFGJDFU­e:c_f]F_HcBP>`GTDFE
GJDIcKnI>
QzGJDi`>
KJKsiLﬂi`KT>wi`cDBP_HcK"Zy>Xr U?rFi`Lsi
KJGTDﬂafdZs<BCO?BPgh\Dz>`B¬\XKrnk??;8>`BCECO¯\DFQ ¯ia
¡ﬁc_CgqGTikm[C[kpi
>`KTKmgqGTU_C\XBPGJcDZ:>r UFrm]F<x \XDFQ>
]F<F_HGTDx Zxﬁ\XBPKJKT>f>B\XKrnk|}}|[C[¤\D?Q
Q?GJop>
_C>`DBPGj\!BPGTcD Zy>r UFri'aYgLsiqZ£¬>>`B\Krnk [C['r
ª
!"  
61 * 801 23),1 	 8
&)(
	23) 8<
&
2<8<7$7 2$
KJBC<FcOFU< i
\QF<F>`_CGTDsaYgq>
QFGT\XBP>`Q \XQF<F>
EHGTcD\D?QRSDBhECGTUD\KTKJGTDFU^ﬁ>`_C>c_CGJUGTDF\KTKnLEHBPO?QFGT>`Q
GJDFQF>`]p>`DFQF>
DBCKJLkﬀ_C>
i`>
DBPKnLŁBC<F>
_H><\Ev/>
>
D GJDFi
_H>\EHGTDFU­GJDBP>
_H>
ENBdGTDGTDBC>
_P\Xi`BPGJcDFEvp>BY^ﬁ>`>
D
BC<F>dBY^ﬁc¯]\XBP<^ﬁ\LﬂE`kﬀENBPGTgOFKj\XBC>
Q¢BPc¯\zKj\_HU>>AsBP>`DBfvLBP<F>qGTDBP_HGTUO?GTDFUcv?EC>
_NIX\XBPGJcD BC<\XB
BC<F>EP\gq>ﬃ]F_HcBP>`GTD kF® ati\XBC>
DFGJD kF]FKT\LsE=>`ECEC>`DBPGj\XK8_HcKT>`E=GTDz\Q?<F>
EHGTcD¯\DFQzECGJUD\KJKTGJDFUZyxﬁGT>`DFk
|X}}ﬂxﬁ_C>`gfvp>`i¦>BM\Krnk4|}}ª?p£¤\_H_CGTEw\DFQ 6>`GJe:>
_`k4|}}[rp¤Eﬃ>'A?]?_C>
EHEC>`QŁvL¢£\_C_HGTEﬃ\D?Q
8>
Gne:>
_Z|}}[  1
(
 0
(
8<7$7  8
(
 8
&
2  1>
&

	.
(
 ® 0 8<1>62$ 2$61>* 801 23)
&
	02 23),
8<*+ 2$61> <* 8<1 
&
8<
&
*	
 	01 
& &

*2$ 0	7$7
&
2


*+61 2 8<1ﬃ23) 8<
&
1 2 	
6 *+ 
&
7$7 2$ 8<
&
(
 1
(
  8 *
&

*/2$ )0	 	2 r
6GTUFrs¥gh\]FE(® ati\XBC>
DFGJD  E@vFGTD?QFGTDFUi<FcGJi
>
EﬁcDBPcGJBCEﬁ]F_HGTgh\_HLdENBP_HOFi`BCOF_C>XrF;=<F> ﬂ`aY_H>
ECGJQFOF>
EH>
OF>`DFi
>ce <OFgh\Dd® aYi\!BP>
D?GTDdGTEmi<\X_P\iBP>
_HGTEH>
QlvLfBC<F>{]F_C>`EC>`DFi
>ceﬀ|<FGJU<FKnLi`cDFEC>`_HI>
Q
_Cgh\QFGJKTKTcl_C>
]/>\!BPElZy_C>`ECGJQFOF>
Eh2ﬂﬃsªªª['k^{<FGTi< e:cKTQ GTDBCc¦\zECOF]/>
_H<F>
KJGnA ceﬁ<F>
KJGTi`>
E
r4;=<?>
U_Ccsc2I>ceﬀBP<FGJEEHOF]p>`_C<F>`KTG A¦GJE¬BC<F>MvFGTDFQ?GTDFUhECGJBC>Me:c_gqcEHBKTGJU\DFQ?E
r£>`DFi
>Xk® aYi
\XBP>`DFGTDi\XD
O?DFQF>
_HUc]?<FcEC]?<Fc_HLsKT\XBPGJcDhvLBC<F>¤QF>`EHBC_COFiBPGTcDli
cgh]FKJ>A¯Zﬂ>
iBPGJcD|sr$|ﬂrn2['k^{<FGTi<GJDIcKnI>
E
v?GTDFQFGJDFUBCcfwu¡ Zy_C>`]p>
\XBPEﬃ/2|ZwGTD?Uf>`B{\XKrnkF|}}~[C["\DFQz\2A?GJD Zy_H>
]/>\XBCE=¥?Zy£¤\>B{\Krnk
|X}}~FwGJDFU¦>B\KrJk6|}}¥[C['r¤KJBC>
_HD\XBPGnI>`KJLk8\XBf\QF<F>`_C>`DFE HOFDFiBPGJcDFE
k8® aYi
\XBP>`DFGTDvFGTDFQ?EBPc
ﬀati\QF<?>
_CGJD Zy_H>
]/>\XBCE­ﬃ/|©Z£¬OFv/>
_\D?Q©RŁ>`GTE`k(|}}?2[C[d\DFQ?aYi
\XBP>`DFGTD Zy_H>
ECGJQFOF>`E­2|}

~ª­Z:¤v/>
_CKJ>>Bﬃ\KrJkX~F/6cO?BHB\\D?Q¦RŁ>`GTE`k |}}}[C['k^{<FGTi<­]?_C>`I>
DBPE¤@¡uatgh>`QFGj\!BP>
Q
Q?>
U_C\Q\XBCGTcD©\DFQ ;¬¡(mV8" vFGJDFQFGJDFUFr"ﬀGJD\KTKnLkmQFO?_CGTD?URSDBECGJUD\K=BC_P\DFEHQFOFiBPGTcD k@® a
i
\XBP>`DFGTD GTDBP>`_P\iBPEd^{GJBC<©x=¡ ©Zy_C>`]p>
\XBPEﬃs~©Zﬃ_C\gh]?Eq>B\XKrnku|}}|[H[f\DFQ ;¬¡(mV "
Z:_C>`]p>
\XBPE¬¥/}¯Z_C\<\g >`B\KrJkF|}}}?k|}}?2[H[r
;(^@cqgl\GJD<Lﬂ]/cBC<F>
EH>
E¤<F\I>vp>`>
D¯e:c_CgfOFKT\XBP>`QBPcdQF>`ECi
_HGTv/>ﬃBP<F>ﬃ_H>
UOFKT\XBPGJcDce8BP<F>\XQF<F>a
EHGJI>d\DFQ­BP_C\DFEHi
_CGJ]?BPGJcD\K4e:OFD?i`BPGJcDFEwcXe"®4ati\XBC>
DFGJD r/¤i
i`c_CQ?GTDFUBCclBP<F>>
\_CKJGT>`_cD?>zZ
r WN[k
ﬀati\QF<?>
_CGJDŁ\!BCBP>`DO\XBP>`EMRSDBECGJUD\KJKTGTD?UECGJgh]FKnL¦vLi`cgh]/>`BCGTDFU^{GnBP<;¬¡(mV " e:c_ﬃ® a
i
\XBP>`DFGTDhvFGTD?QFGTDFUhZ e:c_"_C>`IsGJ>`^ksEC>
> >`KTECcDl\D?Q O?ECEC>Z|}}X~[C['r;=<FGTEugq>
i<\D?GTECg GJE"v\EC>`Q
cDBP<F>wcvFEC>`_HIX\XBPGJcDlBC<\XBkﬂ\E(i
\Dv/>wEC>`>
De:_Ccg ﬀGJUFrﬂ¥?kﬂ® ati\XBC>
DFGJD  E@ECGnBP>
E@e:c_(ﬀaYi
\QF<F>`_CGJD
\XDFQ ;¬¡(mV " vFGJDFQFGJDFU­cI>`_CKj\X] EHGTUDFG i\XDBCKJL Z ﬃ\D?GT>
KJE>Bq\Krnkm|}}?"ﬃ_P\<F\g>Bq\Krnk
|X}}}?2£¬OFvp>`_ﬀ\XDFQR>
GJE
kX|}}?[r  D?QF>
_8BP<FGJE8]?OF_C>`KJLMi
cgq]/>`BPGnBPGnI>mECi`>
D\X_CGTc?k!ENB\v?GTKTGJEP\XBCGTcDﬃcXe
BC<F>¤iLBPc]FKT\ECgqGTi¬® aYi
\XBP>`DFGTDqECOqi`>
E(BPcGTDFQ?OFi
>¬BP<F>>Aﬂ]F_C>`ECEHGTcDceB\_HU>`BﬁU>
DF>`E
rs¤KnBP>
_HD\!a
BCGJI>
KJLk\Mgqc_H>¬>`Kj\v/c_C\XBP>=<Ls]pcXBP<F>`ECGTE¤Z
r WCWN[mGTDIcKJI>
E@\MEN^{GJBPi<qBP<\!B@Uc2I>
_HDFEﬁ® aYi
\XBP>`DFGTD E
ey\!BP>lvLi
cDBC_CcKJKTGTD?U¯GnBPEMvFGTDFQ?GTDFU¦\qDFGJBCGT>
EIsGj\¦i`cD?e:c_Hgl\!BPGTcD\Ki<\XDFU>
E`r"ﬃcBCBP\_CQFGu\D?Q
ﬃOFgfv?GTDF>`_uZ|}}X~[p<\I>"_H>
i
>`DBPKJLGJQF>
DBCG >`Q\=i
\DFQFGJQ\XBP>e:c_4ECOFi<\{EN^{GJBCi< r;=<F>`L]?_Cc]/cEC>
BC<\XB=RSDB¬ECGJUD\KJKTGTD?U]F_HcghcXBP>
E(BC<F>]F_CcsQFOFiBPGJcDceﬀ\dgqcKJ>
i
O?Kj\_ue:c_Cg ceﬀ® ati\XBC>
DFGJDzBC<\XB
v?GTDFQFE]F_C>e:>
_H>
DBPGT\KTKnLBPcl;¬¡(V u Z e:c_¬i
_CGnBPGJi\K4_H>`IsGT>^{E
kEH>
>x@GT>
D?Z|X}}[{\DFQ¢£\_C_HGTE
\XDFQl8>
Gne:>
_¬Z|X}}[H[r c_C>`c2I>
_`kBC<F>`Lf<Ls]/cBP<?>
ECGJEC>{BP<\!BmBP<FGJEm;¬¡(8aYEH>
KT>`i`BCGJI>=e:c_Hg GTEﬀi<\_Na
\Xi`BP>`_CGJEC>
QlvLl\¥ aYi
cD?e:c_Cgh\XBCGTcDfBC<\XB(GJgh]/>
Q?>
E@\i
i`>
ECEﬁce?ati\XBC>
DFGJDhBCcGJBCE@v?GTDFQFGJDFUMECGJBC>r
EﬀaYi\XQF<F>
_HGTD¢vFGJDFQFEw]?_C>`e:>`_C>`DBCGj\KJKJLBCc®4ati\XBC>
DFGJD  ?4aYi\!BP>
D?GTD¦Q?GTgq>
_CE`k/BC<FGTE 07   
&
ﬁﬀ )*
cXeﬀ® aYi
\XBP>`DFGTDzGJE=KT>
EHE{KTGTX>
KnLhBCcqv/>_C>`i
_CO?GJBP>`QBCcBP<F>i
>`KTK4gq>
gfv?_P\DF>Xr
i
i`c_CQFGJDFUzBPcxﬁ_C>`gfv/>
i¢>`B\Kr"Z|X}}~['k i
KJcEC>`Qﬂate:c_Hg ® aYi
\XBP>`DFGTDgqGTU<B_H>
ECO?KJBﬃe:_Ccg BP<F>
]?<FcEC]?<Fc_HLsKT\XBPGJcDce 	6ﬂﬁﬀ )*® aYi\!BP>
D?GTD\XBd;"Ls_NaP~|ﬂkﬀ^{<?GTi<ey\IcOF_HEqx=¡ \D?QGJDﬂa

<?GTvFGnBPE ?ati\XBC>
DFGJDŁvFGJDFQFGTD?U Z:EC>
>ﬂ>
iBPGJcD|ﬂrn2['r8E>'A?]?Kj\GJDF>
QGTDŁﬂ>
iBPGTcD |ﬂr |ﬂr$|skx=¡ ¦GTE
_H>
OFGJ_C>
Qhe:c_"®4ati\XBC>
DFGJD  E@DOFi`KT>\X_uBC_P\DFEH]pc_HBﬁ\DFQ kBP<OFE`kse:c_"GnBPE"BP_P\XDFECi`_CGT]ﬂBPGTcD\KFe:OFDFiBPGJcD r
£¬c^ BC<F>w;"Lﬂ_ba~|]F<FcEH]F<Fc_NLﬂKT\XBPGJcDl>I>`DB¬GJEﬁ_C>`UOFKT\XBP>`QGTEﬁENBPGJKTK/OFDFDFc^{D kF<Fc^@>`I>
_
r;=<?>
]?_CGTgh\_NL \GTg cXe=BP<F>qBP<F>`c_C>BPGTi
\K@\D\KnLﬂEHGTEM]F_C>`EC>`DBC>
Q GTD BP<FGJE\X_HBPGJi
KJ>qGJEBCc¦OFDFQ?>
_HBP\>z\
EH>
_HGT>
Ece=>'A?]/>
_HGTgq>
DBPE 2$ 2$7 230	¯\DFQ k8GTD ECc­Q?cGTDFU?k BPc¦Q?GTECi`_CGJghGJD\XBP>dv/>`BY^@>
>`D \¯EHLsENBP>
g
Uc2I>
_HDF>
Q¯vLBC<F>GTDF>BPGTi`E{\ECEHcﬂi`Gj\XBC>
Qz^{GJBC< r W(\XDFQ¯cDF>ﬃ_C>`UOFKj\!BP>
QzvL r WCWr
 41/05ﬀﬁ ?.9y1/- 1=. ?. ﬀ ?.97 6ﬁ	Ł143ﬁ
WYDfBC<FGTEﬂ>
iBPGJcDf^ﬁ>ﬁGTDBP_HcﬂQFO?i
>=\¤GJDF>`BCGTiﬁgqcsQF>
Ke:c_ﬀBC<F>ﬁRSDBm]\XBC<^(\LBC<\XBﬀi
cgq]F_CGJEC>`EﬀBP<F>
r W"Z  cD?>ugqcKJ>
i
O?Kj\_e:c_Cg ceﬂ® aYi
\XBP>`DFGTD  [ \DFQ r WCW"Z  BY^@c¤gqcKT>`i
OFKT\_pe:c_CgqE8cXe?® aYi
\XBP>`DFGTD$[
gq>
i<F\DFGTEHghE{ceﬀGTDBP>`_P\iBPGJcD¯v/>`BY^@>
>`D\QF<F>`ECGJcD¦\XDFQ¯BC_P\DFEHi
_HGT]?BCGTcD r?;=<F>gqcﬂQ?>
K4i
cDFECGJEHBPE
cXe\EHLsENBP>
g ce8c_HQFGTDF\_HLlQFGJop>
_H>
DBPGT\K >
O\!BPGTcDFEMZ
 ﬃmE[ﬁBP<F\XB{QF>
EHi
_HGTv/>
E{BP<F>ﬃi<\XDFU>
E¬GTD
i`cDFi`>
DBP_C\XBPGJcDfce>`KT>`I>
Ddi
cgh]/cOFDFQ?EﬀGTDIcKJI>
QGTDMRSDBmECGJUD\KJKTGTD?UZ:;ﬀ\XvFKT>2[ 2BP<F>wZ\iBPGnI>[
Q?>
EHBC_COFiBPGJcD i`cgq]FKT>'Ak
¦k   e:_C>
>X{\!AﬂGTD k	k   e:_C>`>{\QF<?>
ECGJcD ghcKJ>
i`OFKT>`EZy>Xr UFr ?aYi
\XBP>`DFGTD
\XDFQVXc_ﬀaYi
\QF<F>`_CGJD[kk   e:_H>
>=BC_P\DFEHi
_HGT]?BCGTcDSgqcKT>`i
OFKJ>
E Zy>Xr U?r{x=¡ V 4>
UKJ>
EHE¦\D?QVXc_
;¬¡([kMk\RSDB"B\X_CU>B"]F_CcBC>
GJD khk\D?QhEHGnAgqcKJ>
i
O?Kj\_ﬀe:c_CgqEmce® ati\XBC>
DFGJD¦Ztkﬀk
ﬁ
k
ﬁﬃﬂ
k sk 
ﬂ
k"!p[rWtBqGTEBC<F>zvFGTDFQ?GTDFUce® aYi\!BP>
D?GTDBPcBP<F>zQF>`EHBC_COFiBPGTcD i`cgh]?KT>ApkBCc\XD
\XQF<F>
EHGTcDghcKT>
i`OFKT>mc_8BCc¤\{BP_P\XDFECi`_CGT]ﬂBPGTcDMgqcKJ>
i
O?KT>mBP<\!B6Q?>`BP>`_CgqGTDF>`E6® ati\XBC>
DFGJD  Eey\XBC>r;8c
ey\Xi
GTKJGJBP\XBP>¬\ENBP>
]saYvLaYEHBC>
]zQF>`ECi
_HGT]?BCGTcDlce4BP<F>ghcsQF>`Kk^ﬁ>¤<\I>ﬃQF>`i
cgq]pcEC>
QBC<F>w]\!BP<^(\L
GJDBPc|X~¦_C>\Xi`BPGJcDFEZﬀGJUFr~[r6cKTKJc2^{GJDFU >`>>`Bf\KrﬁZ|X}}¥['k^@>\EHECOFgq>lBC<\XBd\KJK"sGJDF>`BCGTi
_H>\iBPGJcDFE6BP\>ﬁ]FKj\i`>u^{GnBP<FGJDf\¤EHGTDFUKT>ui
>
KJKTOFKT\_4i
cgh]\X_HBPgq>
DB=ZyGr >r2DFc¤QFGTENBPGTD?i`BPGJcDMvp>BY^ﬁ>`>
D
iLBPc]FKT\ECgqGTiXkDOFi
KJ>\_¤\DFQ­gq>
gfv?_P\DF>'aYv/cOFDFQ[{\XDFQ¦BP<F\XBBC<F>EHGT`>ceBC<FGTE¬i
cgh]\X_HBPgq>
DB
_H>
gh\GTD?Eﬀi
cDFEHBP\DB"QFOF_CGJDFU¤BC<F>=ECGJgfOFKj\!BPGTcD]/>
_HGTcsQfi
cD?ECGTQ?>
_C>`Q k\KnBP<FcOFU<BC<F>(gqcﬂQF>`K?i`cOFKTQ
>
\ECGJKJLv/>¦>AsBC>
DFQF>`Q BPc\i`i
cO?DBe:c_qBC<F>­QFGJKTO?BCGTcDceﬃBP<?>
EC>¦i
cgq]pcOFDFQFEGJD \ŁU_Cc^{GTDFU
IcKTO?gh>Xr
  "$# #

ﬂ8<7 2$138<1ﬃ2%$<
&
	 0*/2 1 23)  ﬀ@1
(
  
&
7
;=<?>i
>
DBC_P\K(]?Kj\L>`_fGTD cOF_fgqcﬂQF>`KﬁGJE® aYi
\XBP>`DFGTD r8WYD KTGJDF>q^{GnBP< r WCWhZyiebrmﬃcBCBP\_CQ?Gﬁ\D?Q
ﬃOFgfv?GTDF>`_qZ|}}X~[C['kp^@>qQ?GTEHBCGTDFUOFGTEH<­BY^ﬁcv\EHGTie:c_CgqEwce@® aYi
\XBP>`DFGTD­BC<\XBMQFGJop>
_¤GTD¢BP<F>`GT_
v?GTDFQFGJDFUl]?_Cc]/>
_NBPGT>`E \D­c]/>
D­e:c_Hg¯k&'
kp\DFQ\hi
KTcEC>
Q­e:c_Cgk()Pr/RS<F>
_H>\EwBC<F>fi`>
KTK8i\XD
\XKTKTcsi\!BP>*'gqcKT>`i
OFKJ>
EBPc­>`GJBC<F>
_\QF<F>`ECGTcD c_BP_P\XDFECi`_CGT]ﬂBPGTcD kGJBfi
\D OFEH>+)wgqcKT>`i
OFKJ>
E
cDFKJLe:c_qBP_C\DFECi`_CGJ]?BPGJcD rux(\EH>
Q cD ﬂ>
iBPGTcDS|ﬂr ¥ Z6GTUFr"¥['ku^@>­i`cDFECGJQF>
_qBP<F_H>
>¦BYLs]/>
EcXe
]?_CcBC>
GTDs]F_CcXBP>
GJD i
cgh]FKJ>Aﬂ>
Eli
cDB\XGTDFGJDFU ® aYi
\XBP>`DFGTD kuD\gq>
KnL \QF<F>`ECGTcD i
cgq]FKT>'Aﬂ>
E\D?Q
BC_P\D?ECi
_HGT]?BCGTcD i`cgq]FKT>'A?>`Ei
cDBP\GTDFGJDFU,'c_-)Pr(¤EBC<F>
GJ_\EHEC>
gvFKJL Zy_C>
\i`BCGTcD?E?kw
\XDFQ[@GJDIcKJI>
E{_C>I>`_CECGJvFKT>ﬃv?GTDFQFGJDFUf_H>\iBPGTcDFE
k?BC<F>ﬃi
c_C_C>`EC]/cDFQFGJDFUdi
cgq]FKJ>Aﬂ>
E./8k0'21
\XDFQ3)41SOFDFQ?>
_CUc i`>
_HBP\GTD _P\!BP>
EceQFGTEHECcsi
Gj\!BPGTcD Zy_C>
\i`BCGTcD?E }?kﬃ2| \DFQ [r=WYD cOF_
gqcsQF>
KkBP<F>de:cKJQFGTDFUcXe.'GTDBPc5)Z:_C>\Xi`BPGJcD2[wGTE]F_HcghcXBP>
Q vL¢RSDBEHGTUD\XKTKTGJDFU\D?Q
GJEi
\OFEH>
Q vLBYLs_CcEHGTDF>h]F<FcEH]F<Fc_NLﬂKT\XBPGJcD©Zyi`ebr8xﬁ_H>
gfv/>
i >`B\KruZ|}}X~[C['r4WYD i
cDBC_P\ENBBPc
]?_CcBC>
GTDsaYi
cgh]FKJ>Ae:c_Hgl\XBCGTcDk^ﬁ>\EHECOFgq>¦BC<\XB]F<?cEC]F<?c_HLsKj\!BPGTcD >`I>
DBPE`k=ECOFi< \ElBC<FGTE
cDF>ku\_H>GJ_C_H>`I>`_CEHGTvFKJ>rm;=<F>¯i<\DFU>GTDi
cD?e:c_Cgh\XBCGTcD \Xop>
iBPEqDF>
GnBP<F>`_qBC<F>zvFGTD?QFGTDFU ECGnBP>

e:c_¤u¡ ]F_HcBP>`GTD DFc_BP<\!Be:c_\!AﬂGTD ZﬀGJUFr=¥[\XDFQ k=BP<F>`_C>e:c_C>Xk=vpcBC<3'\D?Q3)h\_C>
EHOFv H>`i`B{BPcBC<F>wEC\gh>¤_P\XBC>¤ce8GT_H_C>I>
_HECGJvFKT>]F<FcEH]F<Fc_NLﬂKT\XBPGJcDvLlBC<F>wQF>`EHBC_COFiBPGTcDi
cgq]FKT>'A
Z:_C>
\i`BCGTcDFE {\DFQhª[r
;=<F>ﬁ_H>
ECO?KJBPGJDFUﬂ>
_PVX;=<F_baY]F<FcEC]F<Fc_HLsKj\XBC>
Q®4ati\XBC>
DFGJDghcKJ>
i`OFKT>`E
k 

k
>`DBP>
_¬BP<F>OFvFGJsO?GJBPGJD\XBCGTcDV!QF>
U_C\Q\XBCGTcDl]\XBP<^ﬁ\LZ:_C>\Xi`BPGJcD¯?i`ebrp¡ﬁGT>`i<\DFcI>`_dZN[H[r
WYD¯\QFQ?GJBPGJcDBPcd¤@¡uatgh>`QFGj\!BP>
QzQF>`U_P\XQ\XBPGJcD k0'{\XDFQ )ui\XDv/>>
KJGTgqGTD\XBC>
QvLD?c_Cgh\K
]?_CcBC>
GTDBCOF_CDFcI>
_¬]F_Ccsi
>`ECEC>`EZ:_C>\Xi`BPGJcDFE=~q\DFQ  ['r
wOF_gqcsQF>
K(D?cBdcDFKnLŁEH]p>`i
G F>
EdBP<F>Q?LsD\XghGJi
EceECG A® aYi
\XBP>`DFGTD]/cﬂcKTE
k6vFO?Bq\KJECcQF>
\KTE
>'Aﬂ]FKTGJi
GJBCKJLz^{GJBC<¢i<\DFU>
EGTD­BC<F>di
cDFi`>
DBP_C\XBPGJcDFEﬃce   e:_C>`>4\Q?<F>
EHGTcDgqcKT>`i
OFKJ>
E
k&k   e:_C>`>
\2A?GJDghcKJ>
i`OFKT>`E
k k2\Xi`BPGnI>"QF>`EHBP_HOFi`BCGTcDMi
cgh]FKJ>Aﬂ>
E`k 
¦k   e:_C>
>XBP_C\DFECi`_CGJ]?BPGJcDghcKJ>
i`OFKT>`E
k Mk
\XDFQ¦B\X_CU>B¤]F_HcBP>`GTD¯ghcKJ>
i`OFKT>`E
k Z:;ﬀ\XvFKT>q2[r/¤Ei\D¦vp>MEC>`>
D­e:_Ccg ﬀGTUFr¥ﬂkp® aYi
\XBP>`DFGTD E
;¬¡(aYGTDBC>
_P\Xi`BPGJcDS_C>`UGTcD cI>`_CKj\X]FE^{GnBP<SBP<F> vFGJDFQFGTD?UEHGJBC>e:c_¤u¡ Zyiebrﬃ_HGT>
Ez>B¦\XKr
Z|}}}[C[r=WYD cOF_zgqcﬂQF>`KkﬁBC<F>
_H>`e:c_H>k{BP<F> QF>`EHBP_HOFi`BCGTcD i
cgq]FKJ>A \D?Q BC<F>BC_P\DFEHi
_HGT]?BCGTcD
gqcKJ>
i
O?KT>
E¬i
cgh]/>`BC>e:c_¬® aYi\!BP>
D?GTD¦v?GTDFQFGJDFU\XDFQ k^{<F>
D¢v/cOFDFQ¯BPclBC<F>KT\XBCBC>
_
k® aYi
\XBP>`DFGTD
GJE¤]F_HcBP>`i`BC>
Q¦e:_Hcg wu¡uaYgq>
QFGT\XBP>`Q­QF>`U_P\QF\XBPGJcD r;=<F>i`cDFi`>
DBP_C\XBPGJcD­ce   e:_C>`>p\QF<F>`ECGTcD
gqcKJ>
i
O?KT>
EmQ?>
]/>
DFQFE@cDqGJBPEm_C\XBP>{ceU>
D?>>'A?]?_C>
EHECGJcD¢Z:_C>\Xi`BPGJcDh[kGnBPE"_P\!BP>{cepQF>
U_C\Q\XBCGTcD
vL]F_HcBP>`cKJLsEHGTEqZy_H>\iBPGJcD ª[w\DFQBP<F>q\EHECcsi
GT\XBPGJcDVXQFGJECEHcﬂi`Gj\XBCGTcD¯ce(\XQF<F>
EHGTcD i
cgh]FKJ>Aﬂ>
E
/ Zy_C>
\i`BCGTcD?E\DFQ }['rRS<F>
D i
cgh]FKJ>Aﬂ>
Q¢^{GnBP<¢® aYi
\XBP>`DFGTD k\QF<F>`ECGJcDghcKJ>
i`OFKT>`Eﬃ\_C>
]?_CcBC>
i`BC>
Q¢\XU\GTD?EHB\XBCBP\izvLz]F_CcBC>\EH>
EdZ:i`ebr/£O?vp>`_>Bﬃ\KrZ|}}?2[C['kGTD¯i
cDBP_C\EHB¬BPcqBP<F>`GT_
O?Dsv/cOFD?Q¯e:c_Hg¯r
 ¬DFKTGJ> 4>`>f>`B\XKrﬀZ|}}¥[ke:c_wEHGTgq]FKTGJi
GJBYLl^ﬁ>QFcD?cBwgqcﬂQ?>
K6BC<F>fENBP>
]saYvLaYEHBC>
]\ECEH>
gfv?KJL
cXeBP<?>¬Q?>
EHBC_COFiBPGJcDhi`cgq]FKT>'AdDFc_"GJBCEmvFGTD?QFGTDFUﬃBCcM® ati\XBC>
DFGJD rWYDFENBP>\XQ k^ﬁ>¬i<\_C\i`BC>
_CGJEC>{BP<F>
IX\_HGj\XBCGTcDMGTDBP<F>ﬁBCcB\XKﬂi`cDFi
>`DBP_P\!BPGTcDce/\i`BCGJI>ﬁQF>`EHBP_HOFi`BCGTcDi`cgq]FKT>'AvLQF> D?GTDFUwU>
DF>`_CGTi
]?_CcsQFOFi`BCGTcD\DFQ>
KJGTgqGTD\XBCGTcD¤_P\XBC>
EﬁZy_C>
\i`BCGTcD?E@k!|¬\DFQf|X~[ri
i`c_CQFGJDFUBCcv/cBC<<Ls]pcBC<F>a
EH>
E r W\DFQ r WCWk!BP<F>ﬁ]F_C>`EC>
D?i
>=ceRSDBey\iBPc_HEﬀGJDBP<?>(>AsBP_C\i
>`KTKJOFKj\_8gh\XBP_HGnAgqGTU<Bﬀ\Xop>
i`B
BC<F>h\IX\GJKj\v?GTKTGnBYLzce=\Xi`BPGnI>qQF>
ENBP_HOFi`BCGTcDi
cgq]FKT>'AGTD¢BC<F_C>`>q^ﬁ\LﬂE ﬀvLGTD?i
_C>
\ECGJDFUGJBPEﬃ_C\XBP>
cXe¤QFGJECEHcﬂi`Gj\XBCGTcDSZ:_C>
\i`BCGTcD|['kvLGTD?QFOFi
GJDFUGJBCEf>
KJGTgqGTD\XBCGTcD c_GJDF<FGTv?GJBPGJcD^{GnBP<FcO?BBP<F>
_H>
KJ>\EH>lce{GnBPEMi
cgq]pcDF>
DBPEZy_H>\iBPGTcD |X~[ﬃc_MGTDFQFGJ_C>`i`BPKnLvLŁ_H>
QFOFi`GTDFU¯BP<F>hKT>`I>
Kuce¬\!AﬂGTD
Z:_C>
\i`BCGTcD|X¥[r/;=<F>
EH>dKT>\XQ¦BPc\_H>
QFO?i`BPGJcD­GJD¦BP<F>i`LBPc]?Kj\EHghGJiKT>I>`Kﬀce@\iBPGJI>QF>`EHBC_COFi'a
BCGTcD©i
cgq]FKT>'Aﬂ>
Ez\DFQkﬁi
cDFEC>`sO?>
DBPKnLk=BP<F>¢_C\XBP>¦ceMwu¡uaYgq>
QFGT\XBP>`Q ]F<FcEH]F<Fc_NLsKj\XBCGTcD cXe
® ati\XBC>
DFGJD ey\KJKTE`r4WYD \QFQ?GJBPGJcD k4OFD?QF>
_ r WHWkBC<F>hRSDBECGJUD\Ku\KJECc]F_CcgqcBC>
EBP<F>de:cKTQ?GTDFU
cXeﬁ® aYi
\XBP>`DFGTD¢GJDBPcGJBCEwi
KJcEC>`Qﬂate:c_Cg Z:_C>
\i`BCGTcD2[r4ﬀGJD\KJKJLkBC<F>dKT>`I>
KcXe@BC<F>fB\_HU>`B]?_CcXa
BC>
GJDGTEfQF>BP>`_CgqGTDF>`QvLŁBP<F>i`c_C_H>
EC]/cDFQ?GTDFU¢U>`DF>>Aﬂ]F_H>
EHECGTcD©\D?Q]?_CcBC>
GTDŁQF>
U_C\Q\XBCGTcD
_C\XBP>`EZy_C>
\i`BCGTcD?E=¥\XDFQz~[kXBP<F>=e:c_Hgh>`_mvp>`GTDFUEHBC_CcD?UKJL>
DF<\XDFi
>`QlvLBP<F>=BC_P\DFEHi
_HGT]?BCGTcD
i`cgq]FKT>'A?>`E
k0)41\XDFQ '21pr?;=<\XB{GTE`kﬂBC_P\DFEHi
_HGT]?BCGTcDgqcKJ>
i
O?KT>
E(\i`BCGJIX\XBP>¤>Aﬂ]F_C>`ECEHGTcDceBP<F>
BP\_CU>`B{U>`DF>cDFKJLh^{<F>
D¯\ECEHcﬂi`Gj\XBC>
Qz^{GJBC<® ati\XBC>
DFGJD Zyi`ebrﬃc_HGTDF>`l>B¤\XKrZb[H[r

  " ! #

ﬂ8<61 2$1 8<1 2%$<
&
	 0*/2 1ﬃ23)5 ﬀ 1
(
  
&
7
i
i`c_CQFGJDFUzBPczBP<F>q_C>
\i`BCGTcD ECi<F>`gh>qEC<?c2^{DŁGTDﬀGTUFr~Fk BP<F>qi<\D?U>hGJDi
cDFi`>
DBP_C\XBPGJcDŁcXe
>
\i<¦gqcKJ>
i
O?Kj\_@i
cgq]pcDF>
DB¬GTE=UGnI>`DvL 
²  ²
	
;

;
T ¾ÁŁÀ
²  ²
	  ¼
;
¼ﬀ
; ;

;ﬂﬁ
T ¾¸iÀ
²ﬃ  

²
	"!#%$o¼&('
T ¾´iÀ
²  
'
²
	
ﬁ


 ! %)o¼ (*  ﬂ ¼ 
;
 (+ T ¾{½QÀ
²ﬃ  
)
²
	(+(',-!#($ ¼. ) T ¾ÂiÀ
²  /0²
	%+%'# ) ¼(*T ¾ÎiÀ
²ﬃ  
/
²
	 ) (*T ¾¡·>À
²ﬃ  12²
	ﬂ¼&
;
3($ ¼ ) ¼
;
*
;
OT ¾ÄiÀ
²ﬃ  
' 1
²
	 ﬂ  
;
T ¾ÃiÀ
²  
)1
²
	($ ) T ¾Á@¿UÀ
²  45²
	 
ﬁ
 

T ¾Á>ÁŁÀ
^{<F>`_C>06 s_C>
]?_C>
EH>
DBPEBP<?>u_C\XBP>"ces_H>\iBPGTcD Hke:c_   87:9;9;9:7|X~MZy;6\vFKJ>u|[rR>mEC]/>
i`GJe LwBC<F>
EH>
_C\XBP>`Eﬃ\E¤e:cKTKTc^{E`rp«{>\Xi`BPGJcDFE¤¥?k skﬀ¥|X}\DFQ||h_C>`]F_C>`EC>
DB
&
 $<lENLsDBC<F>
EHGTEwIsGj\hU>
DF>
>'Aﬂ]F_C>`ECECGJcD rc_u® aYi
\XBP>`DFGTD kﬂ\QF<?>
ECGJcDgqcKT>`i
OFKJ>
E`kBC_P\D?ECi
_HGT]?BCGTcDlghcKJ>
i`OFKT>`Eﬁ\D?Q\!AﬂGTD k^@>
\XECECO?gh>wBC<\XB(BC<F>
EH>M_H>\iBPGJcDFE(csi
i`OF_{\XB=i`cDFEHBP\DB{_P\XBC>
E`kFECcfBC<\XB <6
ﬁ
Z>=H[ @?&A6kB6
+
ZC=H[	@? /6k
6
;
*
Z>=H[ D?
ﬂ
\DFQE6
; ;
ZC=H[ F?:Grﬀ;=<FGJEGJgh]FKJGT>`EBC<\XBH?&A Q?cﬂ>`EfDFcBQF>
]/>
DFQ cDRSDB\DFQ k
BC<OFE
k8BP<\XBBP<F>qRSDBHaYgq>
Q?Gj\XBC>
QŁ_H>
UO?Kj\XBCGTcD ce(BC<F>® aYi
\XBP>`DFGTD KT>I>
K@GTEM>Aﬂi
KJOFECGnI>`KJL]pcENBHa
BC_P\D?ECi
_HGT]?BCGTcDF\K"Zyiebrxﬁ_P\XQFKT>L>`B\KrZN¥[C['r?RSGJBC<z_C>
U\_CQzBPcq_C>
\i`BCGTcD¥?k\XE¬>'Aﬂ]FKj\GJDF>
Q
\XvpcI>XkBP<?>f_P\XBC>ceu]F_HcﬂQ?OFi`BCGTcD­cXe	 QF>
]/>
D?QFEﬃcD­BP<?>fi
cD?i
>
DBC_P\XBCGTcDFE¤ce	)
1
\DFQ '
1
r
Eh^@>¯>'Aﬂ]p>`i`BBC<FGTEd>Aﬂ]F_H>
EHECGTcD _P\XBC>BCcŁ_H>\i<©\gh\!AﬂGTgfOFg IX\KTOF>XkI?Jmkm^{<F>`D©BP<?>
_C>¯GTE
D?>
UKJGTUGJvFKT>dQF>`Kj\L vp>BY^ﬁ>`>
D BP<F>v?GTDFQFGJDFU¦cXe¬BY^@c¢ECO?i
i
>`ECEHGJI>BC_P\DFEHi
_HGT]?BCGTcD i`cgq]FKT>'A?>`EBPc
BC<F>]F_CcghcBCc_(ce8BP<?>BP\_CU>`B¬U>
D?>kF^@>\XECECO?gh>BP<\!B56

ﬁ
GJE{\qEC\XBPO?_P\XBCGTDFUfe:OFD?i`BPGJcD

ﬁ
¾gÀ	 K
J
  
ﬂ
¾DÀ(
  
ﬂ
¾gÀ(<¼ﬀL
ﬂ
T
^{GJBC<NM 
ﬂO
FM )
1
OQP
M '
1
O
\DFQSR
ﬂ
\i
cDFENB\DBMEP\!BPOF_C\XBPGJcDi
cs> qi
GJ>
DBlZyGr >rGJeTM 
ﬂO

R
ﬂ
k6BC<F>
DU6

ﬁ
V?;JXW|['rﬀWYDOFEHGTDFU­BC<FGTE GTi<\>`KTGJE¯>`DBP>
De:OFD?i`BPGJcDŁ^@>z\_C>GJgh]?KTGTi`GJBCKJL
\XECECO?ghGJDFU­BP<\!BkcD?i
>zGTD BC<F>zDsO?i
KT>`OFE
kBC<F>BY^@c e:c_HghEcXe® ati\XBC>
DFGJD]pcEHEC>`ECEdBP<F>zEP\Xgh>
\XvFGTKJGJBYLqBPcdGTDFQ?OFi
>U>`DF>>Aﬂ]F_C>`ECEHGTcD r
;=<?>u]?<FcEC]?<Fc_HLsKT\XBPGJcDﬃ_P\XBC>
E4cesc]/>
Dsap\DFQi
KJcEC>`Qﬂate:c_Hg ® ati\XBC>
DFGJDqZy_C>
\i`BCGTcD?E (\DFQdª[pvL
BC<F>wQF>`EHBC_COFiBPGTcDi
cgq]FKT>'AhQF>
]/>
DFQcDBP<F>wi`cDFi`>
DBP_C\XBPGJcDce8\iBPGnI>wQF>`EHBC_COFiBPGTcDi
cgq]FKT>'A
\XE{e:cKTKTc^{E 
6
!
ZC=H[ ZY\[8] ^_a`(bCcd] egf%_h`(bdc
] eji
_a`(bCcakmlon
\DFQ 6
('
Z>=H[ ZY\[p] ^_h`(bdcC] egqr_h`(bdc
] eji
_h`(bdchkml5n
k
^{<?>
_C>sM ut
O
QF>
D?cBP>`E@BP<?>¬BCcB\K?i
cDFi`>
DBP_C\XBPGJcDlcXeﬂ  e:_C>`>c]/>
Dﬂaﬀ\DFQhi
KJcEC>`Qﬂate:c_Hg ® aYi
\XBP>`DFGTD
Z:Gr >r
M ut
O
vM )
OwP
M '
O
[=\DFQ.Ryx GTE{\ ¯GJi<\>
KJGTE¯>
DBC>
DEP\XBCOF_P\XBCGTcDzi`cﬂ>ﬃhi`GT>`DBZ:Gr >rGJe
M ut
O
@Ryxﬁk2BP<F>`Ds6
!
P
6
('
Uz

M 

O
W|ﬂk2^{<FGTi<fGJE6<F\KJe?ceFBP<?>ﬁgh\!AﬂGTgfOFg _P\XBC>ﬁce]?_CcsQFOFi`BCGTcD
}
cXe8ﬂ>
_PVX;=<F_baY]F<FcEC]F<Fc_HLsKj\XBC>
Qh®4ati\XBC>
DFGJDqe:c_ﬁ\UGJI>
Dhi
cDFi`>
DBP_C\XBPGJcDlcXe\i`BCGJI>QF>`EHBC_COFiBPGTcD
i`cgq]FKT>'A['r;=<F>w>Aﬂ]F_H>
EHECGTcDFEﬁe:c_I6
!
\DFQ 6
('
GTgq]FKnLfBP<\!B)m\XDFQ+'ﬁQ?cDFcBﬁQFGJop>
_uGTDqBP<F>`GT_
v?GTDFQFGJDFU\qDFGnBPGT>`Eﬀe:c_ﬀBC<F>=QF>`EHBP_HOFi`BCGTcDqi
cgh]FKJ>Aprﬂ\XBPOF_C\XBPGJcDceBP<?>¬Q?>
EHBC_COFiBPGJcDdi
cgq]FKT>'A
v/>
i`cgq>
E_H>
KT>IX\DB^{<F>
Dkﬁe:c_lGJDFEHBP\DFi`>k@BC<F>­iLsBCc]FKT\ECgqGTi¯KT>`I>
Kce® aYi\!BP>
D?GTD _HGTEC>`Ele:c_
_H>\EHcDFEcBP<F>`_MBC<\D BP<F>hGTDF<FGJvFGJBCGTcDVXQF>
ENB\v?GTKTGJEP\XBCGTcDce@BP<F>hQF>
ENBP_CO?i`BPGJcDŁi`cgq]FKT>'AkEHOFi<
\XE¬® ati\XBC>
DFGJDc2I>
_H>Aﬂ]F_C>`ECEHGTcD r
«{>\Xi`BPGJcDFEﬃﬂkd\DFQ \X_C>fBYLs]FGTi
\K]F_HcBP>`GTD ]F_CcBC>
GJD­vFGTD?QFGTDFUl]F_Ccsi
>`ECEC>`E
r;=<F>d_P\!BP>
EﬃcXe
BC<F>
EH>_H>\iBPGJcDFEu\_C>¬\EHECOFgq>
QqBPcMvp>{]F_Hc]/c_HBCGTcD\XKﬂBPcBP<?>]F_HcﬂQ?OFi`BCEucXeBP<?>¬EHOFvFENBP_P\!BP>¤i`cDﬂa
i`>
DBP_C\XBPGJcDFE`r;=<F>(_C\XBP>ﬁce/\ECEH>
gfv?KJLceBP<F>ﬁgfOFKJBCGnat]F_CcBC>
GJDMQ?>
EHBC_COFiBPGJcDi
cgq]FKJ>ApkX<?c2^@>`I>
_`k
GJEQF>
EHi
_CGJvp>`QQFGno>`_C>`DBCKJLrﬃOFGJQF>
QMvL>Aﬂ]p>`_CGJgh>`DBP\Kgq>\EHOF_C>`gh>`DBCEﬀEH<Fc^{GTDFU{BP<\!B6BC<F>@i`cDﬂa
i`>
DBP_C\XBPGJcDfce/\2A?GJDfGTE8gfOFi<KJc^ﬁ>`_ﬀBP<\XDBP<\!Bce/\DLcBP<?>
_ﬀi`cgq]pcD?>
DBceBC<F>(QF>`EHBC_COFiBPGTcD
i`cgq]FKT>'AksGJB@<\Eﬁvp>`>
DECO?UU>
ENBP>`QzBC<\XB@BP<F>ﬃ\XECEC>`gfvFKnLl_C\XBP>fZy_C>
\i`BCGTcD¯2[uGJEﬁKJGTgqGJBP>`QhvLqBP<F>
\IX\GJKj\vFGJKTGnBYLcXe\!AﬂGTD¦Zyiebr4>
>¬>`B(\Kr/Z|}}¥[C[rR>{BP<F>`_C>`e:c_C>¤>'Aﬂ]F_C>`ECEﬁBC<F>¤U>`DF>
_HGTi\ECEH>
gfv?KJL
_C\XBP>\EH6

ZC=H[*F?x M 
O
kﬀ^{<?GTi<GTgq]FKJGT>
EBP<F\XBfBP<?>KT>`I>
KJEcebk6e:c_GTDFENB\D?i
>km?¥® \D?Q
¤u¡uaY]F_HcBP>`GTD_C>
gh\GJDz\]F]F_HcAﬂGJgl\XBC>
KnLli`cDFEHBP\DB¬QFOF_CGJDFUBP<F>EHGTgfOFKT\XBPGJcD]F_Hcﬂi`>
QFO?_C>
E`r
«{>\Xi`BPGJcDFEw~?kª?k?k8}?kﬀ|ﬂk6
~Fk6 ﬂkﬀl\DFQ |ﬂfi`c_C_H>
EH]pcD?QBCc]F_HcBP>`GTD¢QF>`U_P\QF\XBPGJcD­\D?Q
i`cgq]FKT>'A QFGTEHECcsi
Gj\!BPGTcD ]?_Ccsi
>
EHEC>`E
rc_>
\i< ce(BC<F>
gk4^ﬁ>qB\X>hBC<F>h_H>\iBPGJcD_C\XBP>dBPc¯vp>
]?_Cc]/c_HBCGTcDF\K6BCcBC<F>dECOFvFENBP_C\XBP>qi
cD?i
>
DBC_P\XBCGTcD r4WYD cOF_ﬃgqcsQF>
KkpBP<?>dBY^@c¦® ati\XBC>
DFGJD i`cDﬂa
e:c_Cgh\XBPGJcDFE
k )u\DFQ 'kﬂQFGJop>
_=DF>`GJBC<F>
_=GJDBP<F>`GT_(QF>`U_P\XQ\XBPGJcD_P\!BP>
E=D?c_=GTDBC<F>
GJ_=vFGTDFQ?GTDFU
\hD?GJBPGJ>
Ee:c_BC<F>=BP_C\DFECi`_CGJ]?BPGJcDdghcKJ>
i`OFKT>`E
r;=<?>O\DBCG i
\XBPGJcDdcepBC<F>{>
KJGTgqGTD\XBCGTcDce\ia
BCGJI>¬Q?>
EHBC_COFiBPGJcDhi`cgq]FKT>'AZy_H>\iBPGJcDFE@|ﬃ\DFQl|X~[\DFQh\!AﬂGTD¯Z:_C>\Xi`BPGJcDh|¥[GTEmEHKTGJU<BPKJLgqc_C>
EHc]F<FGJEHBCGTi\!BP>
Qkﬂ\XE"BC<F>¤_C\XBP>`Eﬁ\X_C>{GTDFi`_C>
\ECGJDFUMe:O?DFi`BCGTcDFEucepBP<F>{RSDBﬁEHGTUD\XKrc_"ECGJgh]?KTGTi`GJBYLk
BC<F_CcOFU<FcOﬂBBC<FGTEM]\]/>
_M^ﬁ>hi
cDFEHGTQF>`_f\i
cDFENB\DBRSDB 2<8<7

k4^{GJBC< }

 r
KJBC<FcOFU<¯GJBGTE¬U>
D?>
_P\XKTKJLzDFc^{D­BC<\XB¬BP<F>MRSDB¤ECGJUD\Ki\XOFEC>`E\h_C>`QFOFiBPGTcD­GTDBP<F>KT>`I>
K
cXe\iBPGnI>ﬃQF>`EHBP_HOFi`BCGTcDzi`cgh]?KT>Apk?BC<F>
_H>GTE(DFcdi`cDFEC>`DFECO?E¤\v/cO?B{<?c2^ BP<FGJEﬁB\X>
E¬]FKT\i
>Xr?;8c
i`cI>
_ﬀ\KTKKTGTX>
KnLﬃgh>`i<\DFGJECgqEceFGJD\i`BCGJIX\XBCGTcDV!>
KTGJghGJD\XBCGJcDkP^ﬁ>uEC>Bm6
;
ZC=H[ 

x
	Z

["M 
¢ZC=H[
O
\XDFQ 6
;
Z>=H[ 

x(Z

["M 
­Z>=H[
O
k^{GnBP<

x \DFQ

x
	f\_CvFGnBP_C\_HL¯GTDFi`_C>
\ECGJDFUle:OFDFiBPGJcDFEﬃce

r
RS<?GTKT>¯_C>
\i`BCGTcDS|Łi`c_C_H>
EH]pcD?QFEBPc BC<F>­QFGJECECcsi
GT\XBPGJcD©cXeQ?>
EHBC_COFiBPGJcD i
cgq]FKJ>Aﬂ>
E`kﬁ_C>
\ia
BCGTcD|X~\i`i
cOFDBCEﬁe:c_@BC<F>w>`KTGTgqGTDF\XBPGJcDdce8\i`BCGJI>¤QF>`EHBP_HOFi`BCGTcDi`cgq]FKT>'A?>`E(vLgq>
i<\XDFGTEHghE
cXBP<F>`_BP<\XDQFGTEHECcsi
Gj\!BPGTcD k4ECOFi< \EGTDF<FGJvFGJBCGTcD ceM?¥® ^{GJBC<FcO?B_C>
KJ>\EH>ce=BC<F>i
cgda
]?KT>Ap E(i
cgh]/cDF>`DBCE
rs;=<F>w>`KTGTgqGTDF\XBPGJcDVXQF>`EHBP\vFGTKJGTEC\XBPGJcDf_C\XBP>ce e:_C>`>ﬃ\!AﬂGTD­Zy_H>\iBPGTcD|¥["GTE
>'Aﬂ]F_C>`ECEC>`Q ECGJghGJKj\_HKJLk\E\DGTDFi`_C>
\ECGJDFUe:OFDFi`BCGTcD¢cXe@BC<F>fRSDBEHGTUDF\KrRŁ>dDFcXBP>fBP<F\XBﬃBP<F>
BCcB\XK\!AﬂGJDl>
KJGTgqGTD\!BPGTcD_P\XBC>kw6
;ﬂﬁ
P
6
;
ksQF>
]/>
D?QFE=cD M 

O
\DFQ kBP<OFE`k?cDlBC<F>¤KJ>`I>
KcXe4wu¡
]?_CcBC>
GTDZ:i`ebr 4>
>>`B\Kr4Z|}}¥[H[r
i
i`c_CQFGJDFU{BPc¬<Ls]/cBP<?>
ECGJE r WCWkRSDB6>
DF<F\DFi
>`E6BC<F>@]?_CcsQFOFi`BCGTcDce?i
KJcEC>`Qﬂate:c_Hg ® aYi
\XBP>`DFGTD
Z:_C>
\i`BCGTcDh2[r2KJBP<?cOFU<GJB6<\Eﬀv/>
>`Df]F_Hc]pcEC>
QBP<\XB6BP<FGJE6gqGTU<B8csi
i`OF_6IsGj\{BP<F>ﬁ\i`BCGJIX\XBCGTcD
cXe=\z;uLs_NatGTD\EH>qBC<\XBM]F<FcEC]F<Fc_HLsKj\XBC>
E'hZ£¤\X_C_CGJEM\DFQ6>
Gne:>
_`kﬀ|X}}['kBP<FGJEgh>`i<\DFGJECg
<F\EﬃL>`BBCcv/>di
cD _Cgq>
Q \DFQBP<?>fRSDBNaYGJDFQFOFi`GTvFKJ>;uLs_NatGTD\EH>dGTDIcKnI>`Q_H>
gh\GTDFEBPczvp>
GJQF>
DBCG >`Q rWYDlcO?_mghcsQF>
Kk_C>
\i`BCGTcDz2ﬃGTE"i<\X_P\iBP>
_HGTEH>
Q\XE@\U>`DF>
_C\K>
DFLsgl\XBCGTi{_C>
\i`BCGTcD
csi
i`OF_C_HGTDFUq\XB{_C\XBP>

(+
¾gÀ
	

)
¾

Àr  
'
¾gÀ(
  
'
¾DÀ(.¼ﬀL
)
T

^{GnBP< R*)d\ŁEP\XBCOF_P\!BPGTcD i
cs> qi
GJ>
DBr  DFQ?>
_<Ls]pcXBP<F>`ECGTE r WZ  cDF>¦ghcKJ>
i`OFKj\_de:c_Hg cXe
® ati\XBC>
DFGJD $['k@BC<F>¢_P\XBC>¢ceM;uLs_baY]F<FcEC]F<Fc_HLsKj\XBCGTcD

z0)dGJEGTDFQF>`]p>`DFQF>`DBceRSDB\DFQ BC<sO?E

z )Z

[  z0)k(^{GnBP< z0) 

z0)Z

 }[\ i
cD?EHB\XDB¦]\_C\gh>BP>`_
r=WYD i
cDBP_C\EHB
kO?DFQF>
_
<Ls]/cBP<F>`ECGJE r WHW¤Z  BY^@cgqcKT>`i
OFKT\_ue:c_CgqEﬁce® aYi
\XBP>`DFGTD$['k

z0)"GJE(\DGJDFi
_H>\EHGTDFUe:O?DFi`BCGTcDcXe
BC<F>=RSDB"ECGTUD\K\D?Q

z )Z

[ z0)e:c_>I>`_HL

©}?rﬀAﬂ]F_C>`ECEHGTcDFE"e:c_BC<F>=_C>
\i`BCGTcDd_P\!BP>
E
6 MZ 29;9;9|!~[MOFEH>
Q GTDBP<F>EHGTgfO?Kj\XBCGTcDFE\_H>lECO?ghgh\_CGJEC>`Q GTD ;6\vFKJ>z|ﬂBP<F>l_C>
EHOFKJBCGTDFU
gqcsQF>
K >`O\XBPGJcDFE¬\_H>ﬃ]F_CcIsGTQF>`Q¯GJDBP<F>¤]?]p>`DFQFGnApr
  "  
)ﬂ
&
2 ,23)8<7 2  8<1 23)
;=<?>ENB\XBC>IX\_CGT\vFKT>`EfGTD 6GTUFr6~ i
\D vp>EHi\KJ>
Q\EEH<Fc^{D©GTD;6\vFKJ>­rWYD BP>`_CgqEfce¬BP<F>
Q?GTgq>
DFEHGTcDFKJ>
EHE(I\X_CGj\XvFKT>`E
kFcO?_=ghcsQF>
K4i`cgq]F_CGJEC>
E{\dEHLsENBP>
g ce6i
cOF]FKT>`Q¯Q?GJop>
_C>`DBPGj\XK >
O\!a
BCGTcD?E
r/c_i`Kj\_HGJBYLk\DFQ­GJD¯KJGTDF>ﬃ^{GJBC<­ﬀGJUFr~Fk^ﬁ>U_CcOF]¯BC<F>IX\_HGj\vFKJ>
E{GTDe:cOF_{e:OFDFiBPGTcD\K
v?KTcsisE`r

wu¡uatgh>`QFGj\XBC>
QQF>
U_P\Q\!BPGTcDceﬀ® ati\XBC>
DFGJD
²H² 	
	rv ¾
 
R¼
 
iÀ ¯T ¾ÁO¸iÀ
² ² 	
	

 ¾	R¼
 

À-¼
 
 ﬁT ¾ÁO´iÀ
²<

² 	

t


t
¼





F ¾Áq½QÀ

¡@LBCc]FKj\XECgqGTiw® aYi
\XBP>`DFGTD
²<
'
² 	 Á¼ 
'21
¼

)

/
	
)

'
/S	
)ﬀ

'
1S

)

'


ﬁ
)

'

'
¼
)


'


t
¼
T ¾ÁOÂiÀ
²w
)
² 	

ﬁ
)

'

'
¼ﬂ
)
¼ 
)41
	
)ﬀ

)
1 

)

)


)


t
¼ﬃ
F ¾ÁOÎiÀ

ﬀati\QF<?>
_CGJDﬂaYgq>
Q?Gj\XBC>
Qi
>`KTKsi
>`KTK \XQF<F>
EHGTcD
²w/u² 	
	

¼

)

/
	
)

'
/S


/T ¾ÁŁ·>À
²<
/
² 	
	
)

'
/ 

)

/
F ¾ÁOÄiÀ

;8_P\XDFECi`_CGT]ﬂBPGTcDcXe6RSDBHaB\_HU>`B{U>
DF>`E
²p10² 	
	
ﬀ
¼ 
ﬂ
	
)ﬀ

t
1S

ﬀ
15T ¾ÁOÃiÀ
²<
'21
² 	
	
)ﬀ

'
1 .
'21
T ¾¸
¿UÀ
²w
)1
² 	
	
)ﬀ

)
1S.
)41
T ¾¸.ÁŁÀ
²w4#² 	

ﬂ

ﬂ
¼
ﬀ

 
4F ¾¸>¸iÀ
WYDf>
O\XBCGTcD?E(Zb2|[ pZ||['kBP<F>u]\_C\gq>`BP>`_CE? F\_C>uEHLsDBP<?>
ECGJEV\XECEC>`gfvFKnLi`cﬂ>ﬃhi`GT>`DBCE
k!F\D?Q

! "6\_C>mQF>`U_P\XQ\XBPGJcDVXQ?GTECEHcﬂi`Gj\XBCGTcDVXGTDF<?GTvFGnBPGncD=i
cs> qi
GJ>
DBPE8\D?Q

#
)pGJEBP<?>m;uLs_Nat]F<FcEH]F<Fc_NLsKj\XBCGTcD
i`cﬂ>ﬃqi
GT>`DBr;=<?>EHLsgfv/cKTEi\_H_HLsGTDFUl<\XBPEfZ

!

k

!


!

\D?Q

#
)N[\X_C>BC<FcEH>^{<FGTi<¢gh\L¦GJDﬂa
i`_C>
\EC>fGJD­_C>`EC]/cDFEH>BPc\qRSDBwECGTUD\KFBC<F>fEC\gh>EHLsgfv/cKTE{^{GJBC<FcO?Bw\l<\XB¤i
c_H_C>`EC]/cDFQ­BPc
2|
IX\KJOF>
EGTDBP<F>\vFEC>`DFi
>cXeRSDBdZy>Xr U?r
#
)  

#
)'Z

 }[k^{GJBC<

BP<?>RSDBwECGJUD\Kj[rKTK
]F\_P\gq>`BC>
_HE"\DFQIX\_CGT\vFKT>`E\_H>=DFcDﬂatDF>
U\XBPGnI>r!RŁ>=_H>
gh\_CMBP<\!Bm>
O\XBCGTcD?E¬ZN2|[6\DFQ¯ZN¥[k
e:c_ﬁ\iBPGnI>¤Q?>
EHBC_COFiBPGJcDi
cgh]FKJ>Ah\D?Q\!AﬂGTDksQ?>
i
cOF]FKT>¬e:_Ccg BC<F>¤cXBP<F>`_ﬁ>
O\!BPGTcDFE(\D?Qli\XD
v/>¬ECcKnI>
Ql\D\KnLBPGTi
\KTKnLr ¯c_C>`cI>
_`k?\XE@>`sOF\XBPGJcDFE¤ZN2[
Z|s2[QFcD?cBﬁQ?>
]/>
DFQcDqBC<F>KJ>`I>
KTE
cXe@ﬂ>
_PVX;=<F_Nat]F<FcEH]F<Fc_NLsKj\XBC>
Q¢® aYi
\XBP>`DFGTD Z

[¬c_¬RSDBwB\_HU>`B¤]F_CcXBP>
GJD Z f[kBP<F>L¦i
\D¢vp>
EHcKJI>
QGTDFQ?>
]/>
DFQF>`DBPKJLceﬀ>`O\XBPGJcDFEZN
~[(\DFQZ||[rF;=<?>QFGJgh>`DFECGJcDFKJ>
ECEﬁ]\_P\Xgh>BP>
_HE{\_C>
Q?> DF>`Q­\E=e:cKJKTc^{E
r
? . ? /jW8?Aﬀk  )   A
ﬂ
R ) Wp?&A8k !

  x#W  A
ﬂ
k !ﬀ  
ﬂ
W  A
ﬂ
k
? ). ?A ?A /jW 
;
A
ﬂ
k 

  A
ﬂ
RyxWp?&A8k

!

  x

W  A
ﬂ
k !

 

W  A
ﬂ
k
? )ﬀ @?A ?A
ﬂ
W 
;
A
ﬂ
k  ﬀ   A
ﬂ
R
ﬂ
Wp?&A6k !

  x

W  A
ﬂ
k

!

 
 GuW  A
ﬂ
k
?

 ?&x#W  A
ﬂ
k

#
)"

z0) W8?Aﬀk !.  /jW  A
ﬂ
k !

  GuW  A
ﬂ
k
? ﬀ  ?
ﬂ
W8?Aﬀk
#
)"Ez0) W8?A !)   A W  A
ﬂ
k !

  JXW  A
ﬂ
r
?

 ?:GXz

WFZ ?A  A
ﬂ
[k

!

 x#W  A
ﬂ
k !)  A /W  A
ﬂ
k
;=<?>=]\_P\Xgh>BP>
_6I\XKTOF>`EOFEC>`QdGTDBC<F>(gqcﬂQF>`K?EHGTgfOFKT\XBPGJcDFE8EC<Fc^{DdGTDﬂ>
iBPGTcD~\_C>(]?_CcIsGTQF>`Q
GJDBP<F>¤]?]p>`DFQFGnA Zy;6\vFKT>ﬃrJ[r
  " 
1> 8
&
31 8<1 @ )7 
1ﬃ23)
;=<?>QFGJgh>`DFECGJcDFKJ>
ECEﬁEHBP>
\Q?LaYENB\XBC>EHcKTOﬂBPGTcDce=Zb2|[
Z||[wZyQF>`DFcBC>
Q¦vLp EP[{\X_C> 

S
	
	 	

	
 
R¼
 

¾
 
R¼
 
QÀ
T ¾¸>´iÀ

S
	
	

¾
 
R¼
 
QÀ
	
 
R¼
 

¾
 
R¼
 
QÀ
T ¾¸½QÀ

S
t
	Q¾Á2

)
ﬃ2,
S
ÀM¼
	 ¾Á2

)
2 
S
À
;
¼ ½

)
5.¾¸

)
ÀT ¾¸>ÂiÀ

S

	

S

S
t


¾>
S
t
¼ﬃ'À
T ¾¸>ÎiÀ

S
'
	Q¾Á2

ﬁ
)

S

)
Àã¼
	 ¾Á2

ﬁ
)

S

)
À
;
¼+½
S

)
5.¾¸
S
ÀT ¾¸i·>À

S
)
	 
S
t
.
S
'
T ¾¸>ÄiÀ
/
S
	
	




T ¾¸>ÃiÀ

S
/
	
	

	
)

S
'
.¾



)
ÀT ¾´
¿UÀ
1
S
	
	
ﬀ


ﬀ
T ¾´.ÁŁÀ

S
' 1
	
	
ﬀ
	
)ﬀ

S
'


ﬀ
T ¾´>¸iÀ

S
)1
	
	
ﬀ
	
)ﬀ

S
)


ﬀ
T ¾´>´iÀ
4
S
	
	
ﬀ
	
)ﬀ

S
t
 
¾	
ﬀ
	
)ﬀ

S
t
¼

ﬀ

ﬀ
À
T ¾´½QÀ
¥
^{GnBP< 
S
 !)
P


S
WFZ 
S
t
P


[ﬀ\DFQ 
S
t
BC<F>(>
OFGJKTGJvF_CGJOFg KT>I>
K?ceBPcBP\K Z e:_C>`>[ﬀi`LBCc]FKj\XECgqGTi
® ati\XBC>
DFGJD k 
S
t
 
S
)
P

S
'
r EC>`DFECGnBPGnIﬂGnBYL \D\KnLsECGTEMce(BC<F>q>
OFGTKJGTvF_HGTOFg ECcKJO?BPGJcDOF]pcD
BC<F>]\_C\gh>BP>`_(I\XKTOF>`E¬GJE=]p>`_He:c_Hgh>`QzGTDBP<F>]F]p>`DFQFG Ar
WteﬀBP<F>MI\XKTOF>ce  )(GJE{ECgh\KTKuZ:Gr >rGJe  ) '¬GTD ZN2[{\XDFQZbª[C['kBP<F>`D¦BP<F>M]F_HcﬂQFO?i`BPGJcD¦cXe
i`KTcEH>
Qﬂae:c_Cg ®4ati\XBC>
DFGJD¯Z )b[GTDd>o>`i`B@EP\XBCOF_P\XBC>
E"I>`_HLdOFGTiKnLq\DFQdBP<F>{>Aﬂ]F_H>
EHECGTcDle:c_  S
'
Z| [ﬁ_H>
QFOFi`>
E{BPc

S
'
Zb

#
)N[	 !)
P


S

S
t
P

 
	

r Zy¥[
ZcBC>¤BP<F\XB

#
)  kﬂ\E=\DlGTgqgh>`QFGj\XBC>{i
cDFEH>
OF>`DFi
>ceGnBPEﬁQ?> DFGnBPGJcD sEC>
>¤¤]F]/>
DFQ?GnAF[rﬂWYD
i`cDBP_C\EHB
kGJe  ) '
kFBP<?>
D;uLs_Nat]F<FcEH]F<Fc_NLsKj\XBCGTcDzQFcs>
E{DFcB¬EC\XBPOF_C\XBP>M\D?Q

S
'
 !)
P

#
)
 )
P


S

S
t
P

 



r Zy¥ª[
RŁ>ﬃ^{GJKTKO?EC>BP<FGJE=_C>
Q?OFi
>`Q¦>Aﬂ]F_H>
EHECGTcD¯BPcd>I\XKTO\XBC>wBP<F>GJgh]\Xi`B{ce6® aYi\!BP>
D?GTDgfO?BP\XBPGJcDFE
cDBC<F>vp>`<\IﬂGJcOF_=ceﬀ\di
>
KJK"ZyEH>
iBPGTcD¯~Fr |['r
  5ﬀﬁ:.
WYDfBC<FGTE6EC>`i`BPGJcDf^@>=i
cgq]\_H>@BP<?>(_C>`EC]/cDFEC>`E"ceBP<F> r W@Z

#
)  
#
)N[8\DFQ r WCW@Z

#
)'Z

[
#
)
e:c_

©}[ﬀghcsQF>`KTE6BCcﬃQFGJop>
_H>
DB"EHBCGTgfO?KTG?O?DFQF>
_mD?c_Cgh\KF\XDFQq\vp>`_C_C\DBmi
cD?QFGJBCGTcDFE`rﬀGJ_CENBk
^@>(GJDI>
ENBPGTU\XBP>"BP<F>@GTgq]\iBﬀceFEH^{GJBCi<FGTD?U¤cDRSDBﬀECGTUD\KTKJGTDFU?r`R>@BP<?>
Di
cDFECGJQF>
_BP<F>ﬁ>`op>
i`B
cXe U>`DF>`BCGTi\KJBC>
_P\!BPGTcDFEmi
cgqgqcDFKJLQF>`BC>
iBP>
QlGTDqi
cKJc_C>`i`B\XKi\DFi`>
_HEﬃZ¡(«(¡=[ksGTDFi`KTOFQFGJDFUﬃBP<F>
GJD\iBPGJIX\XBCGTcDceBC<F>¤u¡BPOFgqcOF_mEHOF]F]F_H>
EHECc_`rﬂWYDl\QFQFGnBPGTcDfBPcBP<F>`EC>¬i<\DFU>`E
k^{<FGJi<li\XD
csi
i`OF_¬OFDFQF>`_¤DFc_Hgl\XK4i
cDFQ?GJBPGJcDFE@2$ $ 2%$<!kF^@>U\GJDe:O?_HBP<?>
_¬GTDFEHGTU<B¬vLzGTDI>`EHBPGJU\XBCGTDFUdBP<F>
GJgh]F\i`BcXew\_NBPG i
GT\KTKnLgh\DFGJ]FOFKT\XBPGJDFU¯BC<F>zKT>`I>
K=ce¤ﬀaYi
\QF<F>`_CGTDrm;=<F>z]\_P\Xgh>BP>
_fIX\KJOF>
E
O?EC>
Q­BCci\X_C_HLcOﬂB¤BP<?>ECGJgfOFKT\XBPGJcDFE¬\_C>]F_CcIsGTQ?>
Q­GJD¯BP<?>f¤]F]/>
D?QFGnAprﬀZ«{>\QF>`_CE¤^{<?c\_C>
D?cBGTDBP>`_C>`EHBP>`QGJD­BP>`i<FDFGTi
\KQF>B\GJKTEgl\L­cghGnB¤BP<?>DF>AsBMEC>`i`BPGJcD \DFQ¢gqcI>dQFGT_H>
iBPKJLBPc
BC<F> wGTEHi
OFEHECGTcDz^{GnBP<FcO?B{KTcEHE{ceﬀi`cDBPGJDsO?GJBYL?[r
"$# %
01 2%$)8<1ﬃ23)  ﬀ  61 2<8<7$7 2$
WYDqBP>`_CgqEucXecO?_ugqcsQF>
KkBP<F>=RSDB   co(\DFQ   cDEHB\!BP>
Eui
c_C_C>`EC]/cDFQqBPc\vFEC>`DFi
>fZ

 }[
\XDFQ¦]F_H>
EH>
DFi`>Z}

 2[{cXe"\dRSDB¤ECGTUD\Kk?_C>
EH]p>`i`BCGJI>`KJLr _CcgZ|¥[
Z¥X~[(GJB¬i\D¯vp>
EH>
>`DBC<\XBBP<F>f]?_C>
EH>
DFi`>dceu\lRSDBﬃECGJUD\K8_C>`ECOFKnBPEwGJD¢\lQF>`i
_C>
\EC>GJD

S
\D?Q¢\D¢GTD?i
_C>
\EC>
GJD 
S
t
k"
S
ﬂ
  
S
)1
P

S
'21
\DFQ 
S
r;=<OFE
k"\E>'Aﬂ]p>`i`BP>`Q kBP<?>RSDBqENBPGTgOFKTOFEGTDFQ?OFi
>`Eh\
Q?>
i
_H>\EH>dGTD­BP<?>KT>`I>
KcXeﬁ\Xi`BPGnI>fQ?>
EHBC_COFiBPGJcDi
cgq]FKT>'A¢\XDFQ \D¢GTDFi`_C>
\EC>GJD¦BP<F>KJ>`I>
KTEﬃcXe
iLBPc]FKT\ECgqGTi¤®4ati\XBC>
DFGJD k?BC_P\DFEHi
_HGT]?BCGTcDzi
cgh]FKJ>Aﬂ>
E{\XDFQRSDBNatB\X_CU>B{U>
DF>M>Aﬂ]F_H>
EHECGTcD r
~
_Hcg Z|['k8^@>DFcXBP>hBC<\XBBP<F>>`OFGTKJGTvF_HGTOFg KJ>`I>
KﬁcXe{i`LBPc]?Kj\EHghGJih® aYi
\XBP>`DFGTDk 
S
t
k6QFcs>
E
D?cB{QF>
]/>
D?Q¯cDBC<F>ﬃ;uLs_baY]F<FcEC]F<Fc_HLsKj\XBCGTcDzi`cﬂ>ﬃhi`GT>`DB
k

#
)Pk\XDFQ kFi`cDFEC>`OF>
DBPKnLkBP<?>M>`OFGna
KJGTvF_HGTOFg IX\KJOF>
EﬃcXeuBC_P\D?ECi
_HGT]?BCGTcD¦i
cgq]FKT>'A Z
S
ﬂ
[¤\DFQ¢BP\_CU>Bﬃ]F_HcBP>`GTDZ 
S
[w\_H>fGTQF>`DBPGTi
\K
O?DFQF>
_ r W=\DFQ r WHWr;=<FGTE¬i\D¦\KTEHcdvp>MEC>`>
D¦e:_Hcg ﬀGJUFrﬂkF^{<FGJi<¦EH<Fc^{E¤<Fc^ BC<F>KJ>`I>
KTE
cXe BP_C\DFECi`_CGJ]?BPGJcDdi
cgq]FKT>'Aﬂ>
E
k 
ﬂ
ks\DFQqB\_HU>`Bu]F_HcBP>`GTD khki<\XDFU>^{<?>
D\Mi
cDFENB\DB@RSDB
EHGTUDF\K=GTEd\iBPGnI\!BP>
Q \XBdBPGJgh> ﬀ }ﬂrm¤KJBC<FcOFU< r WCWGTDFGnBPGj\XKTKJL_H>
EH]pcD?QFEhgqc_H>OFGJiKJL
BCclBP<?>RSDBﬃEHBCGTgfO?KTOFE`k&
ﬂ
\DFQ >`IcKJI>BPclBC<F>EC\gh>EHBC>\Q?LatEHB\!BP>IX\KJOF>
E 
S
ﬂ
\DFQ
S
GJDFQF>`]p>`DFQF>
DBCKJLce@BP<F>qi<FcGJi
>qce(<Ls]pcXBP<F>`ECGTEZyEH>
>h\KTEHcBC<F>s>
DFEHGJBPGnIsGJBYL¢D\KJLsEHGTEGTDBP<F>
]F]/>
DFQFG AF[r
WYD i
cDBP_C\EHB
k¬BC<F> >
OFGTKJGTvF_HGTOFg IX\KTOF>`E¯cXec]/>
Dﬂae:c_Cg ® aYi
\XBP>`DFGTD Z 
S
'
['ki`KTcEH>
Qﬂae:c_Cg ® a
i
\XBP>`DFGTD Z 
S
)
[\DFQ \QF<F>`ECGTcD i`cgh]?KT>A Z 
S
/
[Q?c QF>`]p>`DFQ cD

#
)r=;=<\!B¦GJE
k=cOF_zgqcﬂQ?>
K
]?_C>
Q?GTi`BCE¤BP<F\XBkpGTD¦BC<F>f]F_H>
EC>`DFi
>cXeuRSDB
kpBP<?>fKT>I>
KJEwce"c]/>
Dsate:c_Hg ® ati\XBC>
DFGJD¢\DFQ¢\XQF<F>a
EHGTcDi
cgh]FKJ>Aﬂ>
EQFGJop>
_{QF>`]p>`DFQFGJDFUlcD^{<F>`BC<F>
_ r Wﬁc_ r WCWﬁGTE\]F]FKJGTi\XvFKT>XrﬀGTU?rªhEH<Fc^{E
BC<F>d>`op>
iBPEMce(\i`cDFEHBP\DBRSDBMEHGTUD\XKGTDFGnBPGT\XBP>`Q¢\XBBPGJgh>   }cD i\Q?<F>
_HGTDﬂatgh>`QFGj\XBC>
Q
\XQF<F>
EHGTcDr4c_¤BP<?>DFcDﬂatEP\XBCOF_P\XBC>
QEHLsENBP>
gGnBﬃi\XD v/>EC<?c2^{Dk e:_Ccg¨Z¥}[¤\DFQ Z¥ª[kBC<\XB
BC<F>ﬃ>
OFGJKTGJvF_CGJOFg i
cDFi`>
DBP_C\XBPGJcDzce6\QF<F>`ECGJcDzi
cgq]FKT>'Aﬂ>
E(ey\KJKTE@^{<?>
DzRSDB{GJE(EH^{GnBPi<F>`Q¯cD
Gnebk\DFQzcD?KJLGnebk
 

S
/

SgS
/


S
'

SgS'


!)
P


P
x
		
A
		

=


!)
P




P
x
	
A	

=



k
BC<\XB{GJE
k
S
/
W 
SgS
/
 Gnebk\DFQcDFKnLGJebksBP<F>i`cDFQFGnBPGTcD

#
) 
#
)

)



SgS

SgS
t
P





S

S
t
P


Zy¥[
<?cKTQFE`r;=<F>ENLsgfvpcKTEwGJDFQFGTi
\XBP>`Q¦^{GJBC<  ­i`c_C_H>
EC]/cDFQ¢BCc>
OFGJKTGTv?_CGTO?g I\XKTOF>`EwGTD¦BC<F>   co=
ENB\XBC>rD>
OFGnI\XKT>
DBmi`cDFQFGnBPGJcDZ:DFcBmEH<Fc^{D[ﬀi\Dv/>(QF>`QFOFi`>
Qde:c_6BC<F>=EP\XBCOF_P\!BP>
QENLsEHBP>`g¯r
¬cBP>BC<\XBBC<F>zi
cDFQ?GJBPGJcD\v/cI>zGTEd\XKJ^ﬁ\LsEey\KJEC>OFD?QF>
_ r WZyGr >Xr

#
)  
#
)b[f\DFQ kmi`cDﬂa
EH>
OF>`DBCKJLkRSDBMECGJUD\KJKTGJDFUqBC<F>
D ]F_HcghcXBP>
Eﬃi
\QF<F>`_CGJDﬂaYgq>
QFGT\XBP>`Q\QF<F>`ECGJcD r  ¬DFQF>
_ r WCWk
<?c2^@>`I>
_`kBC<F>
_H>=>AﬂGTENBPE"\¤BC<F_C>`EC<FcKJQI\XKTOF>ﬁe:c_

#
)\v/cI>=^{<FGTi<RSDB"i\XOFEC>`E@\w_H>
QFO?i`BPGJcDGTD
i`>
KJKsi`>
KTKF\QF<F>`ECGTcD r¤EﬁQ?GTECi`OFECEH>
QGJDhEH>
iBPGTcDﬃvp>`KTc^kBP<FGJEu;"Ls_Nat]F<FcEH]F<Fc_NLﬂKT\XBPGJcDhBC<F_C>`EC<ﬂa
cKTQc_CGJUGTD\!BP>
E=e:_Hcg BP<?>i
cgh]/>`BCGJBPGJcDzceﬀBC<F>Q?>
EHBC_COFiBPGJcD¦i`cgh]?KT>A¯\XDFQ¯BC<F>;"Ls_NatsGJD\EH>
e:c_=®4ati\XBC>
DFGJDzvFGTDFQ?GTDFUFr
i
i`c_CQFGJDFU¤BCcBP<?>(]F_C>`QFGTiBPGJcDFE6\vpcI>kcDFKJL r WCW8\i`i
cOFDBCEﬀe:c_6\¤KTcEHE6cXei
>
KJKsi`>
KJK\QF<F>`ECGTcD
GJD_C>`EC]/cDFEC>ﬃBCcd\RSDB{EHGTUDF\Krs£c^@>`I>
_
kGJDghcENB=>Aﬂ]/>
_HGTgq>
DB\KpEC>BCBPGJDFUE(BC<FGTE(gqGTU<BﬁDFcB
<?>
KT]BCcQFGJEHBCGTDFUO?GTEC<v/>`BY^@>
>`D r Wﬀ\D?Q r WCWkEHGTDFi`>{e:c_"\ﬃ^{GJQF>{_P\D?U>=cep]\_P\Xgh>BP>
_IX\KJOF>
E
i`>
KJKsi`>
KTK\QF<?>
ECGJcD GTEl>
DF<\XDFi
>`Q vL RSDBGJD EHLsEHBC>
gqEUcI>`_CDF>`Q vL >`GJBC<F>
_<Ls]/cBP<F>`ECGJE
Z:>r UFrsDFcDﬂatEP\XBCOF_P\XBC>
QENLsEHBP>`ghE@e:c_u^{<?GTi<BP<?>¤i
cDFQFGJBCGTcD¦Z¥ ["GJEuey\XKTEC>[rs;=<F>¤gh\UD?GJBPO?QF>cXe
BC<F>RSDBNaYgq>
QFGT\XBP>`QzGTDFi`_C>\XEC>MGTDi
>
KJKsi`>
KJK \QF<?>
ECGJcD¦gqGTU<B(]F_CcIsGTQF>e:OF_NBP<F>`_¬GJD?e:c_Hgl\XBCGTcDk
BC<FcOFU< r  D?QF>
_ r Wk;uLs_Nat]F<FcEH]F<Fc_NLsKj\XBCGTcDdGTE"\ﬃ_C\_C>=>I>
DBﬁ\DFQ ki
cDFEH>
OF>`DBCKJLk 
S
t


S
'
\XDFQ 
SgS
t 

SgS
'
r_CcgZ¥}[k?BC<FGTE=KJ>\Q?E(BPc

S
/
W 
SgS
/


S
t
W 
SgS
t
r
2
;=<F\XBwGJE
kp\qRSDBHatgh>`QFGj\XBC>
Q 

ate:cKJQ¯GJDFi
_H>\EH>fGTD   e:_H>
>/i`LBCc]FKj\XECgqGTiM®4ati\XBC>
DFGJDBC_P\D?ECKj\!BP>
E
>I>`DBCO\KJKJL GJDBPc\D\]F]?_CcAﬂGTgh\XBP> 

ae:cKTQŁGTDFi`_C>\XEC>GTDi`>
KJKsi`>
KTKﬁ\QF<F>`ECGJcD rWYD i
cDBC_P\ENBk
\Xi
i
c_CQFGJDFU­BPc r WCWBP<?> 

ate:cKJQ GTD?i
_C>
\EC>lGTD 
S
t
_H>
ECO?KJBPEGJD\D 
;
ae:cKTQ GJDFi
_H>\EH>GTD 
S
/
k
^{GnBP< 
;
 

rWYD EHOFghgh\_NLk\¯EHKTGJU<BQ?GJop>
_C>`DFi
>qv/>`BY^@>
>
D 

\DFQ 
;
]F_CcIsGTQF>`EGJDFECOa
i`GT>`DB"GJD?e:c_Hgl\XBCGTcDBPcﬃQ?GTECi`_CGJghGJD\XBP>uv/>`BY^@>
>
DqBP<F>(BY^@c<Lﬂ]/cBC<F>
EH>
E
k^{<F>`_C>
\Eu\wECOFvFENB\DBCGj\K
Q?GTECi`_C>`]\DFiLzvp>BY^ﬁ>`>
D 

\DFQ 
;
]/cGJDBCE(BPc r WHWr
¡ﬁcgh]FKJ>A\EHEC>
gvFKJL?VXQFGJECEHcﬂi`Gj\XBCGTcDsGJDF>`BCGTi`Em\_C>ﬁDFc_Cgh\KJKJLﬃgfO?i<dey\XEHBP>`_ﬀBP<F\Df]F_HcBP>`GTDfBPO?_CDﬂa
cI>
_¬]F_Ccsi
>`ECEC>`E
r ¡ﬁcDFEC>`OF>
DBPKnLkBP<F>Q?LsD\XghGJi
E{ceﬀBC<F>M]pcscK ce   e:_H>
>X\QF<F>`ECGTcD¯gqcKT>`i
OFKJ>
E
Zb [ﬁGJE=UcI>
_HDF>
Q¯gl\XGTDFKnLlvLBC<F>i<\DFU>MGTDzi`>
KTKsi
>`KTK\QF<F>`ECGTcD
Q  WXQ    ?   !   Q0/jWXQ   r
Ehi
\Dvp>zEC>`>
D©e:_Hcg ﬀGJUFrªﬂkmGJe / GTDFi`_C>\XEC>
EqGTD _H>
EC]/cDFEH>¯BCcŁ\­RSDBlEHGTUDF\K(BP<F>`D 
i
\DqGTDFGnBPGj\XKTKJLQ?>
i
_H>\EH>fZy\DFQdIsGTi
>'atI>
_CEC\[r;=<F>¬gh\UDFGnBPOFQF>(\DFQqQFOF_P\!BPGTcDqcXepBC<FGTE"_C>`EC]/cDFEH>
Q?>
]/>
DFQ cD BC<F>GJDF>`BCGTi ]\_P\Xgh>BP>
_HE
r=¬e BP>
_KTcDFUXatBC>
_Hg RSDB­>'A?]/cEHOF_C>Xk<Fc^@>`I>
_
k¬BP<F>
  e:_C>`>p\QF<F>`ECGJcD­gqcKT>`i
OFKJ>
E{_C>BPOF_HD¦BPcqBP<F>`GT_¬c_CGJUGTD\XK KT>I>
K8GTDBP<F>\vFEH>
DFi`>fceRSDBr/;=<\XB
GJE
k6\i
i`c_CQ?GTDFUBPc­cO?_gqcﬂQF>`Kk BC<F>EHBC>\QﬂLatEHBP\XBP>lIX\KJOF>*
S
ZmrTZ|[H[MGJEDFcBf\Xop>
i`BC>
Q vL
KJcDFUXaBP>`_Cg RSDB¬ECGJUD\KJKTGJDFUe:c_=>`GJBC<F>
_ r Wﬁc_ r WCWr
" ! 	
8<7 2<8<61 1ﬃ* 8<,
ﬀ )* 8<1 23)
WYD­BC<F>
GJ_¤c_HGTUGJD\KU>`DF>`BCGTigqcsQF>
Ke:c_¤i`cKTc_C>
iB\K8i\XDFi
>`_qZ¡(«=¡=['k >\_HcD\DFQ¯"cU>
KJEHBC>
GTD
Zb}[4GJQF>
DBCG >`Qe:cOF_i
\DFQFGJQ\XBP>ui\XDFi
>`_ﬀU>`DF>
E 
%


k 
 
k  * 8)k2\XDFQ 
 
r¯O?BP\XBPGJcDFE
GJDBC<F>
%


U>
DF>\_H>MBC<F>U>
DF>BPGTiM\KnBP>`_P\XBCGTcDFEﬁghcENB¬i
cgqghcDFKJLlcvFEC>`_HI>
Q­GJD¯v/cBP<EC]/cXa
_C\QFGJi\DFQz<F>
_H>
QFGnB\_NLz¡(«=¡Si\EH>
E`r/;=<?>
EC>MgfO?BP\XBPGJcDFE(KJ>\Qzgh\GTD?KJLdBPcBP<?>ﬃ]F_CcsQFOFiBPGTcDcXe
BC_COFD?i\XBC>
Qwu¡©]F_HcBP>`GTDFEu^{GJBC<lGTgq]\GJ_C>`Qh\2A?GJDlc_@® aYi\!BP>
D?GTDqvFGTDFQ?GTDFUFrKJBP<?cOFU<qwu¡ GTE
\ﬃgfO?KJBPGne:OFDFiBPGTcD\K]F_HcBP>`GTDBP<\!Bmi\Ddv/>=KTGJDF>`QfBPci\D?i
>
_mGJDEC>I>
_C\KF^ﬁ\LsE¤ZcsQFQF>k|}}¥[k
GnB=GTE=i`OF_C_H>
DBPKnLv/>
KTGJ>`I>
QBP<\!B{wu¡¤ E=BCOFghcOF_NatECOF]F]?_C>
EHECc_=e:OFD?i`BPGJcDzGTE(_H>
KT\XBP>`Qgh\GJDFKJLdBPc
GnBPE{\v?GTKTGnBYLhBCcdQFc^{DF_C>`UOFKj\!BP>® aYi\!BP>
D?GTD ZsghGnBPE=>`B¬\XKrnk|}}}[r
4cEHE=ce8wu¡Se:O?DFi`BCGTcDi
\D>\EHGTKnLlv/>ﬃGTDFi`c_C]/c_C\XBP>`QGTDBPccOF_(gqcﬂQF>`Kkﬂ\E(BP<?>ﬃQF_Cc]GJDBP<F>
\IX\GJKj\vFGJKTGnBYLdce6e:O?DFi`BCGTcD\XKwu¡ ^{GJKTKpKT>\XQzBCcq\d_H>
QFO?i`BPGJcDzGTD ?

kﬂBP<F>_P\!BP>\XB=^{<FGJi<¯D?>`^
Q?>
EHBC_COFiBPGJcDi
cgq]FKJ>Aﬂ>
E\_C>]?_CcsQFOFi
>`Q rﬀWte=BC<F>
_H>GTEDFc­>'AﬂBC>
_HD\K@RSDBEHGTUDF\Kk BC<F>>
KJGTga
GJD\XBCGTcD¢ce(\!AﬂGTD\DFQ\i`BCGJI>hQF>`EHBC_COFiBPGTcDŁi
cgh]FKJ>Aﬂ>
EM\D?QŁ;"Lﬂ_baY]F<?cEC]F<?c_HLsKj\!BPGTcD_H>
gh\GTD
O?DFi<\DFU>
Q¦ZyGr >r

!

  !

k

!

  !

k

!

  !

\DFQ

#
)  
#
)b[\XDFQ kXBC<F>
_H>`e:c_H>kENLsEHBP>`ghE r W
\XDFQ r WCWwv/>
<F\I>lGJQF>
DBPGJi\KJKJLr4_Ccg BC<F>q_C>
EHOFKJBCE]?_C>
EH>
DBP>`QGTDŁﬂ>
iBPGJcDŁ~Frnk ^@>lQF>`QFOFi`>
e:O?_HBP<?>
_(BP<F\XB=BP<FGJE=KT>
\QFE(BPcd\XDGJDFi
_H>\EH>GTDi`LBCc]FKj\XECgqGTi¤® ati\XBC>
DFGJD Z 
S
t
[(\D?QGJDi
>`KTKi
>
KJK
\XQF<F>
EHGTcDŁZ 
S
/
['r
WYDF\i`BCGJIX\XBPGJcD¦cXeBP<F>wu¡ U>
DF>GTE¤D?cB¤BC<F>cD?KJLz^(\L¯BPclGJDFQFOFi`>BP<?>f>Aﬂ]F_H>
ECEHGTcD¢cXemRSDB
BP\_CU>`BﬃU>`DF>
EGJD­BPOFgqcOF_wi`>
KJKTE
r >`DF>`BCGTi\XKJBP>`_P\XBCGTcD?E¤GTD¦cBP<F>`_ﬃi
cgq]/cDF>
DBCEﬃce"BP<F>fRSDBHa
EHGTUDF\KTKJGTDFUﬃ]\!BP<^(\Ll<\I>kﬂGTDFQ?>
>
Qkﬂv/>
>`DQF>`BC>
i`BC>
QzGTDl\DlGJgh]/c_NB\DB"e:_P\iBPGJcDlce wu¡
= =
Z ^{GTKJQﬂatBYLs]/>M¤u¡=[¬i\XDFi
>`_CE
r ¯O?BP\XBPGJcDFE¬GTDzBP<F>f?¥®Ł_C>
i`cUDFGnBPGJcD¯_H>
UGJcDce® aYi
\XBP>`DFGTD
ª
ZyﬀGTU?r6¥[k6e:c_GTD?EHB\XDFi
>Xkﬀ]F_H>`I>`DBh® ati\XBC>
DFGJD ]F<FcEH]F<Fc_NLsKj\XBCGTcDvLBP<F>lQF>
ENBP_CO?i`BPGJcDi
cgda
]?KT>Ah^{GJBC<FcO?B=\Xo>`i`BCGTDFU;¬¡(mV8" vFGJDFQFGJDFUzZyEH>
iBPGTcD|ﬂr$|srJ2['r?WteBP<?GTE(GTD?Qce8gfO?B\!BPGTcDGTE
<?cghc`LsUcOFE`kGJB¬i
c_H_C>`EC]/cDFQFE¤BCcqBC<F>]F\_HBCGTi
O?Kj\_=i
\EC> 6
!

}h\DFQ.6
('

}qcecO?_gqcﬂQ?>
K
ZyﬀGTU?r?~['rFWYD¯i`cDBP_C\EHB
kQF>
EHi
_CGJvFGTD?UdBC<F>ﬃ<F>BP>
_Hc`LsUcOFEENB\XBC>_C>
OFGJ_C>`E\XD¯>'AﬂBC>
DFEHGTcDce6cOF_
gqcsQF>
K8BPc\i`i
cgqgqcﬂQ\!BP>f\XQFQFGJBCGTcDF\K]pcscKTEce"i
KJcEC>`Qﬂa¬\D?Q¢c]p>`Dﬂate:c_Cg ®4ati\XBC>
DFGJD¦^{<FGJi<
\X_C>q_C>
EHGTENB\DBMBPcwu¡uaYgq>
QFGT\XBP>`Q]?<FcEC]?<Fc_HLsKT\XBPGJcD Z:Gr >r 6
!

}¦\D?QS6
('

}ze:c_ﬃBC<F>
EH>
]/cscKTE6cDFKJL?['k\Eﬀ^@>
KJK\EﬀBC<F>
GJ_m\EHECcsi
Gj\!BP>
Qd\XQF<F>
EHGTcDd\XDFQBP_P\XDFECi`_CGT]ﬂBPGTcDfi
cgq]FKJ>Aﬂ>
E`rWte/;uLs_Na
]?<FcEC]?<Fc_HLsKT\XBPGJcDQ?cﬂ>`EDFcXBEC\XBPO?_P\XBC>k4BP<F>q>
OFGJKTGJvF_CGJOFg IX\KJOF>
Ee:c_ﬃBP<?>q>'AsBP>
D?QF>
QgqcﬂQ?>
K
i
\Dqvp>=i
\KTi`OFKj\XBC>
Qq\D\XKJLBPGJi\KJKJLk!\EmEH<Fc^{DlGJDdBC<F>=¤]?]p>`DFQFGnApk^{<FGJi<hgh\X>
E"GJBm]/cEHECGTv?KT>(BPc
_H>`I>\KU>
DF>`_CGTi]F_Cc]/>
_NBPGJ>
Ewce"BC<F>EHLsEHBC>
gr ¤Ee:c_wwu¡uatGTD\iBPGnI\!BPGTD?UlgfO?BP\XBPGJcDFE`kpGJD¦BP<F>
\XvFEC>`DFi
>ce6\RSDB=EHBCGTgfO?KTOFE(® ati\XBC>
DFGJDgfO?BP\XBPGJcDFEﬁ_H>
EHOFKJB=GJD\DGJDFi
_H>\EH>ﬃGTDi`LBCc]FKj\XECgqGTi
® ati\XBC>
DFGJD¯\XDFQzi
>
KJKsi`>
KJK \QF<?>
ECGJcDOFDFQF>`_¬v/cBC< r W(\D?Q r WCWr
WYDﬀGTUFrﬃ^ﬁ>¤i
cgq]\_H>¬BC<F>¤_H>
EC]/cDFEH>wce ^{GJKTQﬂaBYLs]p>\DFQhgfO?B\XDBﬁi
>`KTKTE"BPc\MRSDB(ENBPGJgfOFKTO?E
r
R>lQ?GTEHBCGTDFUOFGTEH< e:cO?_MBYLs]/>
EfceﬁU>
D?>`BPGJi\KnBP>`_P\XBCGTcDFE 4KTcEHEcXe=cDF>qwu¡ \KJKT>
KJ>ZygqcﬂQ?>
KTKJ>
Q
vLl\d}§ _C>`QFOFiBPGTcDGTD ?

[kﬂi
cgq]FKJ>`BP>¬wu¡ GTD\Xi`BPGnIX\XBPGJcD¯Zﬃ?


}[k?}§ ]F_HcﬂQ?OFi`BCGTcDcXe
¤u¡uaY_C>`ECGJEHB\XDB® aYi\!BP>
D?GTD k4\XDFQŁgfOﬂB\XBCGTcDFEﬃGJDv/cBC<Ł® aYi
\XBP>`DFGTD \KJKT>
KJ>
EqZ:Gr >r 6
!

}¯\D?Q
6
('

}[r¤i
i`c_CQ?GTDFUBPccOF_ﬃgqcsQF>
Kkwu¡ \DFQ ®4ati\XBC>
DFGJD¢QFcOFv?KT>gfO?BP\DBPEM\i<FGJ>`I>h\XD
GJQF>
DBCGTi\XK?KT>I>`KFceRSDB"ECGTUD\KTKJGTDFU\Xe BC>
_v/>
GJDFUﬃ>Aﬂ]/cEC>`QqBCcﬃKTcDFU!atBP>`_Cg RSDBkv/>
i
\OFEC>{v/cBP<
U>
DF>BPGTid\XKJBP>`_P\XBCGTcD?E¤_C>`ECOFKnBGTD¢BP<?>i
cgq]FKT>BP>fGJDF<FGJvFGJBCGTcD¯ceﬁ¤u¡uaYgq>
QFGT\XBP>`Q¢QF>
U_C\Q\XBCGTcD
cXe{®4ati\XBC>
DFGJD r8¤Efi
\Dvp>lEC>
>`De:_CcgﬀGTU?r sr kﬀGTD^{GTKTQBYLs]p>l\DFQECGJDFUKJ>sgfOﬂB\DBi
>
KJKTE
BC<F>ﬃEHBC>\QﬂLatEHBP\XBP>KT>I>`K4ceBP_P\XDFECi`_CGT]ﬂBPGTcDi
cgq]FKJ>Aﬂ>
E=_HGTEC>`E(^{GJBC<zBC<F>ﬃEHBC_C>`DFUBP<zce8BP<?>wRSDB
EHGTUDF\KrwcO?vFKT>gfO?BP\DBPE
k"GJD©i
cDBC_P\ENBkugl\XGTDB\GJDBP<F>¯EP\gq>¦<FGJU<KT>`I>
KcewB\X_CU>BHaYU>
DF>
>'Aﬂ]F_C>`ECECGJcD¢GTD?QF>
]/>
DFQ?>
DBPKnL¯cXeRSDBk/vp>`i\OFEH>BP<?>
D
S
t
 !


)
QFcs>
E¬DFcB¤QF>
]/>
DFQ¦cD

r
;=<?>
EC>¦_C>
EHOFKJBCE\_H>¦GJDFQF>
]/>
D?QF>
DBce¤BP<F>¯i<FcGTi`>¦cew<Ls]/cBP<?>
ECGJE\D?Q©BP<OFE`kﬁGTD KTGJDF>^{GJBP<
6GTUFr?ﬂkFU>`DF>ﬃ>Aﬂ]F_H>
EHECGTcD¯i
\DFDFcB{v/>ﬃOFEH>
QBPcdQFGJECi
_HGTgqGTD\!BP>¬vp>BY^ﬁ>`>
D r W@\DFQ r WHWr¡ﬁ>
KJK
i`>
KJK"\QF<F>`ECGTcD ]?_CcIsGTQF>`EMe:OF_NBP<F>`_ﬃGTDFEHGTU<B
kBP<FcOFU< r R>d]F_C>`QFGTiBMBC<\XBOFD?QF>
_ r WZyQF\EC<F>`Q
KJGTDF>`EﬀGJDﬀGTU?r sr x=[6\DfGTD?i
_C>
\EC>ﬁGTDRSDB"i\XOFEC>`E"\¤_CGJEC>(GJDfi
>`KTKi
>
KJKs\QF<F>`ECGTcDfGTDfD?c_Cgh\Ksi
>
KJKTE
\XDFQEHGTDFUKT>fgfOﬂB\DBPE`k4vFO?BM<\EDFcz>o>`i`BMcD\QF<F>`ECGTcD GJDQFcOFvFKJ>gfO?BP\DBPE
r4WYD i
cDBC_P\ENBk
O?DFQF>
_r WHWk8RSDBd\Xop>
iBPEBC<F>lKJ>`I>
KﬁcXe{\QF<F>`ECGJcD i
cgh]FKJ>Aﬂ>
EGTD \XKTKme:cOF_i
>
KJKmBYLﬂ]/>
E ﬀe:c_
Q?cOFvFKJ>MgO?B\DBCE
ki\Q?<F>
_HGTDﬂatgh>`QFGj\XBC>
Q¯\QF<F>`ECGJcD¯GJE¬\KJ^ﬁ\LﬂE¤\qQ?>
i
_H>\EHGTDFUqe:OFDFiBPGTcD¯ce6BP<F>
RSDBECGTUD\Kk ^{<?>
_C>
\Ee:c_BP<?>l_C>`gl\XGTDFGJDFUzi
>
KJKuBYLs]/>
EBC<F>l_H>
EH]pcD?EC>QF>`]p>`DFQFEfcDŁ_P\!BP>lcXe
;"Ls_Nat]F<FcEH]F<Fc_NLﬂKT\XBPGJcD r
E¤QF>`]FGTiBP>`Q­GTD¦ﬀGTUFr ﬂr k/e:c_¬BC<F>i<?cEC>`D¢]\_P\Xgh>BP>
_{IX\KTO?>
E
kEHGTDFUKJ>® ati\XBC>
DFGJD¯gfOﬂB\DBPE
Z:® 0 8<1
#
[=\i<?GT>`I>f\dECGJUDFG Fi\DBPKnL<FGJU<F>
_{KJ>`I>`K6cXeﬀRSDBHaB\_HU>`BU>
D?>>'A?]?_C>
EHECGJcD¦BP<F\D¦EHGTDﬂa
UKT>f¤@¡ gfO?BP\DBPEGTD­BC<F>q\vFEC>`DFi
>qce"RSDBr£¬c2^@>`I>
_`k8BC<FGTEwQ?GJop>
_C>`DFi
>dQFGJghGJDFGTEH<F>
E^{GJBP<
GJDFi
_H>\EHGTDFUEHBC_C>`DFUBP<ceﬁBC<F>hRSDBECGJUD\K"\D?Q k>`I>`DBPO\KJKJLk^{<?>
D >'A?]/cEH>
QŁBCc¯<FGJU<RSDB
ey\Xi`BPc_wi
cD?i
>
DBC_P\XBCGTcDFE`k wu¡ =

i
>`KTKJEwi\D¢]?_C>
EH>
DBBP<F><?GTU<F>`EHBwBC_P\D?ECi
_HGT]?BCGTcD¦i
cgq]FKT>'A
i`cDFi`>
DBP_C\XBPGJcD r;=<?>
EC><Ls]/cBP<F>`EC>`E\_C>f>'Aﬂ]FKTc_H>
Q¦e:O?_HBP<?>
_wGJD¢ﬀGTU?r ﬂr$¡¤k/^{<FGTi<¢EH<Fc^{EwBP<F>
BC<F_C>`EC<FcKTQ wu¡ \iBPGJIsGnBYL­KT>I>`Ku_H>
OFGJ_C>
QBPc>`>
] BP<F>dKT>I>`KucXe@BC_P\DFEHi
_HGT]?BCGTcDi
cgh]FKJ>Aﬂ>
E
KJc^ﬁ>`_6BP<F\DGJD® 0 8<1
#
gfO?BP\DBPE8>Aﬂ]/cEC>`QfBPcBC<F>ﬁEC\gq>uRSDBKJ>`I>
KrwOF_8ECGJgfOFKj\!BPGTcDFE4ECOFUU>
ENB
BC<\XBuBP<F>KT>I>
Kcee:OFDFi`BCGTcDF\Kwu¡ _C>`sO?GT_C>`QhBCcgh\GTDB\XGTDq\MD?c_Cgh\K]F<F>`DFcBYLs]p>GTDFi`_C>
\EC>`E
^{GnBP<\DŁGJDFi
_H>\EHGTDFUzRSDBENBPGJgfOFKTO?E
r RS<F>`D DFczRSDBEHBCGTgfO?KTOFEGTE]F_H>
EH>
DBk8e:c_GTDFENB\DFi`>k
^@>d]F_C>`QFGTiBwBP<F\XBﬃcDFKnL¯BC<FcEH>i
>
KJKTEw>'Aﬂ]F_C>`ECECGJDFUKT>
EHE¤BP<F\D  § e:OFDFi`BCGTcDF\Kﬀ¤@¡ OFDFQ?>
_CUc
 
gh\KJGTUD\XDBuBP_C\DFENe:c_Cgh\XBPGJcD kﬂ\f]F_C>`QFGTiBPGJcDBP<\!B=GTE(GJDz\U_H>
>
gq>
DB=^{GnBP<BP<?>ﬃ>
EHBCGTgh\XBPGJcDlvL
4G>`B¤\Kr8Z|}}[ﬁBP<\XB¬BP<?>MBC<F_C>`EC<FcKJQ­KT>I>`K8cXe^{GTKJQﬂatBYLs]/>M¤u¡ ]F_CcBC>
GJDe:c_¬]/cKJLs]ze:c_Cgh\!a
BCGTcD GTEd2§r4;=<?>l_C>`ECOFKnBPEMGTDFQ?GTi\!BP>BP<\!BMBC<F>q>AsBP_C\i
>`KTKTO?Kj\_ﬃ>`DIsGJ_CcDFgq>
DBghGJU<BM<\I>\
EHOFvFENB\DBPGT\K4GTgq]\iB=cDvpcXBP<zgl\XKTGTUD\DBﬁBC_P\DFENe:c_Cgh\XBCGTcD\XDFQBCOFgqcOF_=]F<F>`DFcBYLs]/>r
" 

(
8<	 2$   0 8
&)(
*/2$  *+		23)
WYDBP<F>M]F_H>`IsGTcO?EEH>
i`BCGTcD?E¬^@><F\I>EH>
>
D¦<Fc^ \i`BCGJIX\XBCGTcDce\dRSDBECGJUD\K4gqGTU<B{EHGTUDFG ?a
i
\DBPKnLq\Xo>`i`Bui\XQF<F>
_HGTDﬂatgh>`QFGj\!BP>
Qq\Q?<F>
EHGTcDhGTDdDFc_Hgl\KF\DFQ\Xvp>`_C_P\XDBui`>
KTKJEZﬀGJUFrª?r ¡ \D?Q
sr x=['r;=<F>McvIﬂGJcOFE¬DF>AsBOF>
ENBPGTcD¯GJE{^{<?>`BP<?>
_¤i<F\DFU>`EGJDi
\QF<F>`_CGJDﬂaYgq>
QFGT\XBP>`Q\QF<F>`ECGTcD
gqGTU<BﬀGTD?FOF>
DFi`>=RSDB"BP\_CU>BmU>`DF>{>Aﬂ]F_C>`ECEHGTcD rR>=<\I>{EHcOFU<B@\Dq\DFEN^ﬁ>`_uvLd\XD\KJLsEHGTDFU
BC<F>{>`op>
iB@cXe/IX\_NLsGTDFUﬃBP<?>
&
 $<wENLﬂDBC<F>
EHGTEu]\_P\Xgh>BP>
_.? (cDBC<F>=KT>I>
KcXepBC_P\DFEHi
_HGT]?BCGTcD
i`cgq]FKT>'A?>`E
k
ﬂ
r;=<F>_H>
ECO?KJBPE¬\_H>EC<Fc^{D¦GJDzﬀGTU?r?r
6GT_CENBPKnLk^ﬁ>¤i
cDFEHGTQF>`_C>`QBP<F>w>o>`i`B=cXe6}\D?Q¢}}§ _H>
]F_H>
ECEHGTcDcXe8ati\Q?<F>
_HGTD>'A?]?_C>
EHECGJcD
GJDBP<?>=\vFEH>
DFi`>=ceRSDB{Zy]\D?>
KTE6cDfBP<?>(KT>e B'[r!¤E\¤i
cD?EC>
OF>`DFi
>¬ce6Zy¥}[k2BP<?>
EC>=gh\DFGJ]FOFKT\!a
BCGTcD?EﬀKT>
\Qf>I>
DBCO\KTKnLBCc}§ \D?QfDFGTKsi
>`KTKsi
>`KTKs\QF<F>`ECGJcD k!_C>
EH]p>`i`BCGJI>`KJLZﬀGJUFr!?r w[r!WYDfBP<F>
\XvFEC>`DFi
>dce"RSDBk e:c_BP<F>]\X_P\gq>`BC>
_¤IX\KJOF>
Ewi<?cEC>`D kghcENBﬃce"BP<?>i
>
KJKTOFKT\_¬®4ati\XBC>
DFGJD¢GTE
KJcﬂi
\XBP>`Qz\XB=BP<?>ﬃi
>
KJK gq>
gfvF_C\DF>Xr¡ﬁcDFEH>
OF>`DBCKJLkp\_H>
QFOFiBPGJcDzGTDi
>`KTK aYi
>`KTKp\QF<F>`ECGJcDBP_P\XDFENa
KT\XBP>`EGTDBPc¯\¯EHGTgqGTKj\X_ey\KJKmGTDBP<F>qKT>I>
K"ceﬁBPcBP\Km® aYi\!BP>
D?GTD©ZﬀGJUFr4?r ¡=[r >I>`_HBP<?>
KT>`ECE`k6^@>
]?_C>
Q?GTi`B(cDFKJLl\^@>\\DFQvF_HGT>`e8\XECECcsi
GT\XBP>`QGTDFi`_C>
\EC>ﬃGJD+
ﬂ
k?EHOFUU>`EHBPGJDFUfBP<F\XB=ﬀaYi
\QF<F>`_CGJD
_H>
]F_H>
EHECGTcD \KJcDF>GJEqGJDFECO hi`GT>`DBdBCc GJDFQFOFi`>RSDBhECGJUD\KJKTGJDFUZyﬀGTUFrﬀ?r @['rm;=<FGTEd_H>
ECO?KJBqGTE
\i`cDFEC>`OF>
DFi`>lceu>`sOF\XBPGJcD Z|[{e:c_ 
S
t
k^{<?GTi<QFcs>
EﬃDFcBQ?>
]/>
DFQ cD \DL­]\X_P\gq>`BC>
_CE
_H>
KT\XBP>`QdBCci
>
KJKsi`>
KJKF\QF<?>
ECGJcD¯ZyEH>
>¬\KTEHcﬃBP<F>¬ﬂ>`DFECGnBPGnIﬂGnBYLfD\KJLsEHGTEmGTDBC<F>=¤]F]/>
D?QFGnAF[rss>
ia
cDFQFKJLk^ﬁ>c2I>
_H>Aﬂ]F_C>`ECEH>
Qati\Q?<F>
_HGTD¦GJD¯i`>
KJKTE{>Aﬂ]/cEC>`Q­BPch\hi
cDBCGTDOFcO?ERSDB¤ENBPGJgfOFKTO?E
r
Ei
\Dvp>MEC>`>
D¯e:_Hcg >`sOF\XBPGJcD Zy¥}[=\DFQ¯ﬀGJUFr?r x¤kFBP<?_C>
>'aﬁ\DFQ¦EHGnAate:cKTQGTD?i
_C>
\EC>`EGJD ? 
BC_P\D?ECKj\!BP>ﬃGTDBCcq]?_Cc]/c_HBCGTcDF\K GTD?i
_C>
\EC>`E{GTDzi
>`KTKi
>
KJK4\QF<?>
ECGJcDOFDFQF>`_¬v/cBC< r W(\D?Q r WCWr
c_MBP<F>l]\_P\Xgh>BP>
_MIX\KTOF>`Efi<FcEH>
D k6BP<F>`EC>i<\D?U>
Eq\_H>\i`i
cgq]\DFGJ>
Q vL \¦_CGJEC>GJDŁBP<F>
BCcB\XKﬁKT>I>`K=ce¬®4ati\XBC>
DFGJDSZ6GTUFrﬀ?r ['6BC<F>gl\XUDFGJBCOFQF>hce{BP<FGJEGTDFi`_C>\XEC>GTEKj\_HU>
_fO?DFQF>
_
r W(BP<F\D¦OFD?QF>
_ r WHWrpWYD­i`cDBP_C\EHBBPc6GTUFr?r =k<Fc^ﬁ>I>
_`kBP<?>
EC>fati\Q?<F>
_HGTD¦gh\DFGJ]FOFKT\!a
BCGTcD?Eui
\Dli
\OFEH>w\ECGTUDFG i
\DB"BP_P\XDFECGJ>
DBﬁQ?>
i
_H>\EH>¤GJD 
ﬂ
ZﬀGJUFr?r m[r;=<F\XBﬁGJE
kﬀaYi
\QF<F>`_CGJD
cI>
_C>'Aﬂ]F_C>`ECECGJcD­i
\DBC>
gq]pc_P\_HGTKJLqGJDF<FGTv?GJBﬁRSDBECGJUD\KJKTGTD?UFr
WYD ﬀGJUFrpl^ﬁ>d>`IX\KJO\XBC>BP<F>GJgh]F\i`B¤ce@ati\Q?<F>
_HGTD¢gh\DFGT]?OFKj\XBCGTcD?EcD­RSDBNatB\X_CU>BU>
DF>
>'Aﬂ]F_C>`ECECGJcD¢GTD^{GTKJQﬂatBYLs]/>kwu¡
=

ZyKJcECEcem<F>BP>`_CcLﬂUcECGnBYLkKJ>\Q?GTDFUdBPc}§ e:OFDFiBPGTcD\K
¤u¡S]F_HcBP>`GTD[@\DFQwu¡



Z}§ e:OFDFiBPGJcD\Kpwu¡S]?_CcBC>
GTD[@i
>`KTKTE`r?KTKBP<F_H>
>ﬃi
>`KTKJEﬁBYLs]p>`E
EH<Fc^ \BP_C\DFEHGT>
DBGJDFi
_H>\EH>GTD­BP<?>qKJ>`I>
KceuBP_C\DFEHi
_CGJ]?BPGJcD­i`cgh]?KT>Aﬂ>`EMGJD¢_C>`EC]/cDFEC>BCc¯ﬀa
i
\QF<F>`_CGJD_H>
]F_H>
EHECGTcD GJD BP<F>\vFEH>
DFi`>¯cXe¤\XD>'AsBP>
_HD\K(RSDBqEHBCGTgfOFKJOFEzZyﬀGTUFrﬀ[rc_BP<F>
]F\_P\gq>`BC>
_ﬁIX\KJOF>
E=i<?cEC>`D kBP<F>ﬃQFO?_P\XBCGTcDceBC<FGTEﬁBC_P\D?ECGT>`DB{GTDFi`_C>\XEC>ﬃGTE=KJcDFU>`_(GTDgO?B\DB
BC<\DGTDDFc_Cgh\K i
>`KTKJE
r ¯c_C>
cI>
_
kGJDz\KTKBC<F_C>`>i
>
KJKBYLs]p>`E
k/ﬀaYi
\QF<F>`_CGTDzcI>`_C>'A?]?_C>
EHECGJcD­GTD
BC<F>]F_H>
EH>
DFi`>cXe=RSDBfi\OFEH>
Eq\¯BC>
gq]pc_C\_HL QF>`i
_H>\EH>GTDŁRSDBEHGTUD\XKTKTGJDFUFr4;=<F>l_C>
KT\XBPGnI>
gh\UD?GJBPO?QF>w\D?QQFOF_P\!BPGTcDceBP<FGJEﬁ]F<?>
DFcgq>
D?cDzGTD>
\i<zi
>
KJKpBYLs]/>ﬃQF>
]/>
DFQzcDBC<F>wgqcﬂQ?>
K
]F\_P\gq>`BC>
_(IX\KJOF>
E¬\DFQkFGTDz]\_NBPGJi
OFKT\_
kﬂcD^{<?>`BP<?>
_ r Wuc_ r WHWﬁGJE{\i`BCGJI>Xr

  z9ﬃ75ﬀ 9:1/-
WYD BC<FGTE]\]/>
_M^ﬁ><\I>QF>`I>
KJc]p>`Q \­DF>`^ gqcﬂQ?>
Kuce(BP<?>lRSDBECGJUD\KJKTGTD?U]F\XBP<^ﬁ\Lr¤E
EHOFi<GJB¤QFGJop>
_HE¤e:_Ccg BP<?>fghcsQF>`Kﬀ]F_Hc]pcEC>
Q¢vL >`>f>`BM\XKr6Z|}}¥[\XDFQ¢>AsBP>`DFQF>`QvL¡ﬁ<?c
>B"\Kr?Z|}}ª[GJDfEC>I>
_C\K?^ﬁ\LﬂE`rﬀGJ_CEHBCKJLk2^@>=\KJKTc^ e:c_6i
cgq]/>`BPGnBPGJcDv/>`BY^@>
>`DdECGTUD\KTKJGTDFU¬\D?Q
i`>
KJKsi`>
KTKp\QF<?>
ECGJcD r?R>ﬃ\KJECcQFGJEHBCGTDFUO?GTEC<hBY^ﬁcdi
cD?e:c_Cgh\XBCGTcDFE@ce8® aYi\!BP>
D?GTDlBC<\XB=QFGno>`_(GTD
BC<F>
GJ_v?GTDFQFGJDFUh\qDFGJBCGT>
E{e:c_ﬀaYi\XQF<F>
_HGTD r;=<F>>
gq]F<\EHGTE¬cemcOF_¤\D\KnLsECGTE{GJE¤\KJECchECKTGJU<BPKnL
Q?GJop>
_C>`DBrﬃGJI>
DfBP<F\XBDFcXB"\KTKsgqcﬂQF>`K?]\X_P\gq>`BC>
_CEﬀ<\I>=v/>
>
Ddgq>\EHOF_C>`Q k^@>{\GTg BCcﬃ_C>`I>\K
U>
DF>`_CGTi]F_Cc]p>`_HBPGJ>
E¬cemBP<?>EHLsENBP>
grRŁ>DFc^ Q?GTECi`OFECEBP<F>vFGTcKJcUGJi\KpGTgq]FKTGJi\XBCGTcDFEﬁce"cOF_
gqcsQF>
K@]F_C>`QFGTiBPGTcDFE
r8;=<FGTEEH>
iBPGTcDGTEfc_HU\DFGJEC>`Q\Efe:cKJKTc^{E
r8;=<F> 2$ 2$7 230	­>'A?]/>
_HGTgq>
DBPE
\XDFQ¯gqcsQF>
K ]?_C>
Q?GTi`BCGTcD?E=QF>
EHi
_CGJvp>`Q¯GJD¯ﬂ>
iBPGTcD~q\_H>ECOFgqgl\X_CGTEH>
QGJDv/cAﬂ>
E{^{GJBP<?cO?B¬\DL
gh\XBC<F>
gh\XBPGJi\KDFcB\!BPGTcD rcKTKJc2^{GJDFUd>\i<¦vpcApk/^@>Q?GTECi`OFECEBP<F>\U_C>`>
gq>
DBvp>BY^ﬁ>`>
DcOF_
gqcsQF>
K¬]F_C>`QFGTiBPGJcDFE\XDFQ >Aﬂ]/>
_CGJgh>`DB\KQ\XB\ e:_Ccg BP<F>¦KTGJBC>
_C\XBPOF_H>¦\XDFQ OFEC>¦cOF_gqcﬂQ?>
K
BCcd]F_CcIsGTQF>\DFcI>
KGTDBP>`_C]F_H>`BP\XBPGJcDceBP<F>>'A?]/>
_HGTgq>
DB\XK cvFEH>
_HIX\XBCGTcD?E
rF;8chi`cDFi`KTOFQF>Xk?^@>
Q?GTECi`OFECE"EHcgh>{\XKJBP>`_CD\!BPGJI>(gqcﬂQF>`K?e:c_HgfOFKj\!BPGTcDFEﬀ\XDFQd]pcBC>
DBPGT\K?e:O?BCOF_C>{\X]F]FKTGJi\XBCGTcD?EﬀcepcOF_
^@c_H/r

"$#
 61 801ﬃ2%$)8<1 23) Z


   8<*  
#
[
WtBGTEU>`DF>
_C\KTKnL\i`i
>
]ﬂBP>
Q BC<\XBBP_C\DFEHQFOFi`BCGTcDce(BC<F>qRSDBECGJUD\K"GTDIcKJI>
EMGTDF<FGJvFGJBCGTcD¢cXe
BC<F>lQ?>
EHBC_COFiBPGJcD i
cgh]FKJ>A\D?QŁEHBP\vFGJKTGTEC\XBPGJcDce=iLsBCc]FKT\ECgqGTid® aYi
\XBP>`DFGTD kKJ>\QFGJDFUBPc­GJDﬂa
i`_C>
\EC>`QvFGTDFQ?GTDFUce(® ati\XBC>
DFGJDBPc¯;¬¡(mV " \D?QBPc¯>Aﬂ]F_H>
ECEHGTcDcXe(RSDBBP\_CU>BU>
DF>`E
Zﬂ>
iBPGJcD|ﬂr |['r4;=<F>
EH>lv\EHGTiq>`I>
DBPE\X_C>h\KTEHc¯]F_H>
QFGJi`BC>
QŁvLcO?_gqcﬂQ?>
KmOFDFQ?>
_v/cBC< r W
\XDFQ r WHWwZ:EC>
>]F_H>
QFGJi`BCGTcDZ


rn2[@GJD¦sOFghgh\_NLxﬁcA­2[kFv?O?B{GTDz\Q?QFGJBCGTcDz\DF\KJLBPGJi\Kp\D\XKna
LsEHGTEfceﬁBP<F>hghcsQF>
Ku>
O\!BPGTcDFE]F_HcIﬂGJQF>
EDF>`^ GTD?ECGTU<B
rWYD ]\_NBPGTi`OFKj\X_
k4EHLsENBP>
gqEUcI>`_CDF>`Q
vL r W{\XDFQ r WCW{\i<FGJ>`I>BP<F>EP\gq>KJ>`I>`K6cXe"ECGTUD\KTKJGTDFUd\!e BP>
_KTcD?UXatBC>
_Cg RSDBw>Aﬂ]pcECOF_H>
\XDFQ ki`cDFEH>
OF>
DBCKJLkGJBwGJED?cBﬃ]/cECEHGTvFKJ>MBCcQFGTEHi
_HGTgqGTD\XBC>v/>`BY^@>
>`D¢BP<F>`g v\XEC>
Q¢cD­B\_HU>`B
U>
DF>>Aﬂ]F_H>
EHECGTcD­\KJcDF>r
;=<?>lBY^ﬁc¢<Ls]/cBP<F>BPGJi\KuEHLsEHBC>
gqEfi\XDQFGJop>
_MGTD BP<F>`GT_MGTDFGnBPGj\XKm_C>
EH]pcDFEC>lBCc¦RSDBkBP<FcOFU< r
I>
D GneGJD\i`BCGJIX\XBCGTcD ceBP<F> QF>`EHBP_HOFi`BCGTcD i
cgq]FKJ>AScsi
i`OF_CE_P\]?GTQFKnL \Xe BC>
_zEHBCGTgfOFKT\XBPGJcD
cXeﬃBP<F>¦RSDB_H>
i`>
]?BCc_CE`k(OFDFQF>`_ r WdBC<F>¢\i`i
OFgOFKj\XBCGTcD cei`LBCc]FKj\XECgqGTi®4ati\XBC>
DFGJD©^{GTKJK
BP\>]FKj\Xi
>MU_P\Q?O\KTKnLz\XB¤\h]\Xi
>Q?> DF>`Q¢vL¯GnBPE
&
 $<dEHLsDBP<F>`ECGJE\DFQ¯BCOF_CD?c2I>
_w_C\XBP>`E
r
¡ﬁcDFEC>`sO?>
DBPKnLk6^@>>'A?]/>
iBBC<F>lGJDFGJBCGj\K6_C>
EH]pcDFEC>lBCcRSDBBPc¦v/>qsO?GTi>`_fOFDFQ?>
_r WCWk8\E
KJ>
EHEucXepBC<F>{DF>`^{KnLEHLsDBP<F>`ECGJEC>
Ql®4ati\XBC>
DFGJDfBP<F>`DhUcﬂ>`EmGTDBPci
>`KTKsi
>`KTKF\XQF<F>
EHGTcDh\DFQdEHcgh>=® a
i
\XBP>`DFGTD_H>
KJ>\EH>
Qe:_Ccg \QF<?>
ECGJcDdi
cgq]FKJ>Aﬂ>
EGJE_C>
\KTKJcﬂi
\XBP>`QBPcﬃi`>
KJK?ECGJUD\KJKTGJDFUFrwOF_gqcﬂQ?>
K
EHGTgfO?Kj\XBCGTcDFEEHOFUU>`EHBkX<Fc^ﬁ>I>`_
kBP<F\XBﬀe:c_8BP<F>`EC>(]?<F>
DFcgh>`D\¤BPcw<F\I>=\¤EHOFvFEHBP\DBPGT\K?GJgh]\Xi`B
cDRSDBEHGTUD\XKTKTGJDFUFkBP<F>uGTDFi`_C>
\EC>@GTDM;uLs_Nat]F<FcEH]F<Fc_NLsKj\XBCGTcD<\EBPc¤v/>uOFDF_C>
\KTGJEHBCGTi\XKTKJLKj\X_CU>
Z:>r UFr}
ﬁ
ate:cKTQ['rR>wi
\DBP<FGJDFqce8\XB=KJ>\ENBﬁBY^@cf^(\LsE=BPcf>`DF<\DFi`>ﬃBP<F>w_H>
EH]pcD?EC>wBPcf\RSDB
EHGTUDF\KOFDFQF>`_r WCW ZN2[BP<?>;"Ls_NaYGJD\EC>]F<FcEH]F<Fc_NLsKj\XBC>
E   e:_C>`>sc]/>
Dﬂae:c_Cg ® ati\XBC>
DFGJDl\D?Q
\XKTECc® ati\XBC>
DFGJD­GTD\Q?<F>
EHGTcD¢i`cgh]?KT>Aﬂ>`E\DFQZ|[¤i
KTcEC>
Qsate:c_Hg ® ati\XBC>
DFGJD¢GTEwgqc_C>EHB\XvFKT>
BC<\Dc]/>
Dﬂae:c_Cg ® aYi
\XBP>`DFGTDrmZN[GTEwDFc^{D¢BPczi
\OFEC>fBC<F>_C>`KT>
\EC>ce"® ati\XBC>
DFGJD­e:_Ccg BP<F>

i
\QF<F>`_CGJDﬂaYv/cOFDFQ]/cﬂcKm\DFQGJBCEﬃECOFv?EC>
OF>`DB_C>
\KTKJcﬂi
\XBPGJcD¯BCcEHGTUDF\KTKJGTDFU­ZyEC>`i`BCGTcD|ﬂrn2[rWYD
KJGTDF>^{GnBP< Z|['k"£¤\_H_CGJEd\DFQ 8>
Gne:>
_¯Z|}}[_C>`gl\X_C\v/cO?Bq® aYi
\XBP>`DFGTD Edi
KJcEC>`Qﬂate:c_Cg   2$1
2  1  1ﬃ2$ 1   6	0
 798<1  1
(
8<1
%


8<
& 
)* 8  2$ 2$61 * 801ﬃ23), 2
(
1qZNrnrnr$[   7  0
&

1
(
*+    8 $ 2$ 1
(
2  ﬀ )*  ﬀﬃ® 0 8<1>62$ ﬀ/*+
&
	1 *
601 23) Fr4;=<?GTEﬃ<\EM\D>o>`i`BMcDFKnL­GJe
BC<F>
_H>M\_C>M\iBPGJI>QF>
ENBP_CO?i`BPGJcDi
cgq]FKT>'Aﬂ>
E{]F_C>`EC>`DBGTDBC<F>i`LBPc]?Kj\EHg¯k?BC<FcOFU< r
¡ﬁcDFi
>`_CDFGJDFUi`>
KJKsi`>
KTK?\QF<F>`ECGJcD kIX\_CGJcOFEm>'A?]/>
_HGTgq>
DB\XKEHBPO?QFGT>`Eu<F\I>O\XDBCG >`QhBC<F>{KT>`I>
K
cXe \Q?<F>
EHGTcDdi
cgh]FKJ>Aﬂ>
E"GJDfBP<F>{]F_H>
EC>`DFi
>\DFQq\v?EC>
D?i
>¬cepRSDB
rxﬁ_P\Q?KT>`L>`B@\KrZN¥['kXe:c_
>'A?\gh]?KT>kX<\I>{>Aﬂ]F_H>
EHEC>
Qq^{GTKJQﬂatBYLs]/>@RSDBHaP=GTDfBP<?>=_P\XBﬀDF>
OF_C\KFi`>
KTKﬂKTGJDF>(u¡¤2|ﬂr;=<F>`Li`cDﬂa
i`KTOFQ?>
Q¯BC<\XB   61 
#
0 8<
 	 2$0*+ 8) 
&
80	0
 
798<1 23)  ﬀ    0 8
&)(
*/2$ 8<1 1
(
 )*
&
*+ 
1 	 8
&
- 80	61 0	7$7  8<
&
8< 80	0	 ,8<ﬂ 2$ 0
(
8< 2$

8
=6=

&
 6
&
610	7$7ﬂ8
&)(
	23)r
;=<?GTEﬃcvFEH>
_NI\!BPGTcD¢i\D¢v/>>Aﬂ]FKT\GTDF>`Q¢OFDFQF>`_ﬃ>
GnBP<F>`_ r W¬c_ r WCWZyEH>
>]F_H>
QFGJi`BCGTcDZ


r |[H[r
¡ﬁcD\i
i`Gnabﬂc_C_H>
KJK>`B\Kr"Z|}}¥[¤<\I>q_C>`]pc_HBP>`QŁ\zQFGJEC_CO?]?BPGJcDce(ﬀati\QF<?>
_CGJDŁ\XQF<F>
EHGTcD GTD
<OFgh\D ¡(«=¡ i
>`KTKTE^{GnBP< \Xi`BPGnI>zRSDBECGJUD\KJKTGJDFUFr6£c^ﬁ>I>`_
k(_C\XBP<F>`_qBC<\D _C>`e:OﬂBPGTD?U r W
IsGT\ghcsQF>
Kﬀ]F_C>`QFGTiBPGTcDZ


r ¥[kpBC<F>
GJ_ﬃEHBCOFQ?L¢GJKTKTO?EHBP_C\XBP>`EBC<F>BP_P\XDFECi`_CGT]ﬂBPGTcD\K8_C>
]?_C>
EHECGJcDcXe
ﬀati\QF<?>
_CGJDdvLdﬂKTOFUhZﬂ>
iBPGTcDl|srJ2[8GTDI>`_HLEH]\_CEH>i`OFKJBCOF_C>`E
r wO?_CGTD?UﬃDFc_Cgh\Kﬂghc_H]F<FcU>
Dﬂa
>`ECGJE
k KJcECEwcXe"i
>
KJKsi`>
KJKﬀ\Q?<F>
EHGTcD¢QFO?>fBPcRSDBHatgh>`QFGj\XBC>
Q­Q?c2^{DsaY_C>`UOFKT\XBPGJcD­ceuﬀaYi
\QF<F>`_CGJD
<F\Ef\KJECcvp>`>
D cvFEC>`_HI>`Q vL 	\gqc_C\>B\KruZ|}}¥[ﬃ\DFQ ﬂ<?GTgh\gfOF_C\z>B\KruZN~[r6Gna
DF\KTKnLk£¬GTDFi>B¤\XKrZb~[(<\I>\DF\KJLsEC>`Q¦gh\gqgl\KJGj\Dh(BP;¬|}di
>`KTKJE¬>'Aﬂ]F_C>`ECECGJDFUhRSDBNar
WYDKTGJDF>f^{GJBC<x@_P\QFKJ>`L¢>Bf\XKr"Zb¥['k gh« ¬ \XD\KJLsEHGTEﬃ_C>I>
\KT>`Q \zECGTgqGTKT\_¤KJ>`I>
K"ce(i
\Qﬂa
<?>
_CGJD>Aﬂ]F_H>
EHECGTcDGJDlBP<?>w]F_C>`EC>`DFi
>M\DFQz\XvFEC>`DFi
>ﬃceRSDBHaPr >`I>
_NBP<F>`KT>
EHE
ki`cgh]F\_CGJECcDcXe
ENBP>
\Q?LaYENB\XBC>hKJ>`I>`KTEvLGTgqgfOFDFcvFKTcBHBPGJDFUl>'AﬂBC_P\iBPEMEC<Fc^@>
Q\¯|}s¥}!ate:cKTQ¢\D?Q |2ae:cKTQ¢GJDﬂa
i`_C>
\EC>wBC<F>¤KJ>`I>`KTE(cXe®4ati\XBC>
DFGJD\D?Q {ati\QF<?>
_CGJD k?_H>
EH]p>`i`BPGnI>`KJLrﬂWYDBP>`_CgqEﬁcegqcﬂQ?>
K6Z


r ¥[k
>`OFGJIX\KJ>
DB{cvFEH>
_HIX\XBCGTcD?E¬i`cDFi`>
_CD?GTDFUhﬀaYi\XQF<F>
_HGTD^@cOFKTQ]/cGTDB=BPc r WCWr
i
i`c_CQFGJDFUfBPccOF_=ghcsQF>`KkOFDFQF>`_ r WHW"BC<F>ﬃKj\X_CU>`_@BP<?>ﬃGTDFi`_C>\XEC>ﬃGTDBC<F>w_C\XBP>ﬃce8;"Ls_NaY]?<FcENa
]?<Fc_HLsKT\XBPGJcDŁe:cKJKTc^{GTDFU¦\¦RSDBhEHGTUDF\KkBP<F>KJc^ﬁ>`_BP<F>z\XECECcsi
GT\XBP>`Q EHBP>
\Q?LaYENB\XBC>zKT>`I>
K(cXe
¡(\
=6=
aYQF>`]p>`DFQF>`DB¤i
>`KTKi
>
KJK \Q?<F>
EHGTcD rWYD]\_NBPGJi
OFKT\_
ks^ﬁ>M]F_C>`QFGTiB{BP<\XB=BC<F>
_H>GJE{\dBC<F_C>`EC<ﬂa
cKTQ;"Lﬂ_baY]F<?cEC]F<?c_HLsKj\!BPGTcDq_C\XBP>¬\v/cI>=^{<FGJi<qRSDBuGTDFQ?OFi
>`E@\ﬃKJcECEmcepi\XQF<F>
_HGTDdi
cgh]FKJ>Aﬂ>
E
e:_Hcg BC<F>di
>
KJKmgh>`gfvF_C\DF>r4;=<?GTEﬃBP<F_H>
EH<FcKTQ _C>`ECOFKnBPEﬃe:_Ccg BP<F>di`cgh]/>`BCGJBCGTcD¢v/>`BY^@>
>`DŁBP<F>
;"Ls_NatsGJD\EH>\D?QBC<F>QF>
ENBP_CO?i`BPGJcDi
cgq]FKT>'Ae:c_{vFGJDFQFGJDFUfBPcqc]/>
Dﬂae:c_Cg ®4ati\XBC>
DFGJD rFWYDzBP<F>
  co=2ENB\XBC>k2ghcEHB8® aYi\!BP>
D?GTDMGTEQF>
U_P\QF>`QIsGj\=BP<F>uQF>`EHBP_HOFi`BCGTcDi
cgq]FKJ>Apk^{GJBP<MDFcD?>@c_8cDFKnL
\{_C>`ECGJQFO\Ks\gqcOFDBv/>
GTD?UGJ_C_C>I>`_CECGJvFKJL¤BP_P\XDFEHe:c_Hgh>`QGJDBPc¬i
KTcEC>
Qsate:c_Hg ® aYi\!BP>
D?GTD ri
i`c_CQﬂa
GJDFUzBPc r WHWk8GJD BC<F>   cD4EHB\!BP>k¤@¡uatgh>`QFGj\!BP>
Q ﬂ>
_PVX;=<F_baY]F<FcEC]F<Fc_HLsKj\XBCGTcD GTE_H>
QFOFi`>
Q k
^{<?>
_C>
\Eﬃ;"Lﬂ_baY]F<?cEC]F<?c_HLsKj\!BPGTcD¦GTE>
DF<F\DFi
>`Q rWtemBC<F>f_H>
ECO?KJBPGJDFUhBCcB\XK8>`KTGJghGJD\XBPGJcD_P\!BP>cXe
® ati\XBC>
DFGJDGTE<FGJU<F>`_BP<\DdGJDfBP<F>{\v?EC>
D?i
>¬ceRSDBmBC<F>
DdBP<?>=KT>`I>
Kce/c]/>
Dsate:c_Hg ® aYi
\XBP>`DFGTD
GJE=_C>`QFOFi
>`Q­\D?Q ki
cD?EC>
OF>`DBPKJLk/BC<F>KT>I>
K4cXeﬀi
\QF<F>`_CGTDsaYgq>
QFGT\XBP>`Qz\QF<F>`ECGTcD¦\KJECcey\KJKTE
r

" ! 	
8<7 2<8<61 1ﬃ* 8<,
ﬀ )* 8<1 23)©Z


   8<*  
!
[
WYD\Q?QFGJBCGTcDlBCcd\D\KnLsECGTD?UBP<F>ﬃ_H>
EH]pcD?EC>ce8DFc_Hgl\Kpi
>`KTKTE@BPcd\RSDB¬ECGTUD\Kk^@>ﬃ<\I>OFEC>`Q
cOF_ﬁgqcﬂQ?>
KBPc>`IX\KTOF\XBP>{BP<F>>`op>
iBPE(cDlECGTUD\KTKJGTDFU\XDFQi
>`KTKsi
>`KTK\QF<?>
ECGJcDlcXe BY^ﬁcfBYLs]/>
E(cXe
U>
DF>BPGTi{\XKJBP>`_P\XBCGTcD?Eﬀi
cghgqcDFKnLGJDIcKnI>
QqGTDq¡(«(¡¤kD\gq>
KJLwu¡uatGTD\iBPGnI\!BPGTD?U¤gfO?BP\XBPGJcDFE
|}
\XDFQz]F_CcsQFOFiBPGTcDce8wu¡uaY_H>
ECGJEHBP\DB{®4ati\XBC>
DFGJD r?;=<?>MgqcsQF>
Kp]F_C>`QFGTiBPGTcDFE=\_H>wECOFgqgh\_CGJEC>
Q
GJD¯ﬂOFgqgl\_NLxﬁcA¯|sr
WtB¤<\Evp>`>
D­]F_Hc]/cEC>`Q¦BP<\!Bk^{<F>
_H>\Ew\lECGJDFUKT>® aYi
\XBP>`DFGTD<FGnB¤i
\D­ECO hi`>e:c_¬gl\XKTGTUD\DB
BC_P\D?EHe:c_Hgl\XBCGTcD BPc­csi
i`OF_
k8BP<F>lwu¡ BPOFgqcOF_ECOF]F]?_C>
EHECc_e:cKJKTc^{E\¦i
KT\ECEHGTi\XKﬁﬃDOFQFEHcD
BY^@cXat<FGJB{gqcﬂQ?>
Krﬂ;=<FGTE{QFcs>
E=D?cB\_CGJEC>\E{\dD\XBCOF_P\Ki
cDFEH>
OF>`DFi
>ce6BC<F>_C>
\i`BCGTcDzECi<?>
gq>
EH<Fc^{DlGJDdﬀGTUFrX~Fk<Fc^@>`I>
_
r¯csQF>
KEHGTgfO?Kj\XBCGTcDFE6ECOFUU>
ENBuBC<\XB"BP<?>=GTDFi`_C>\XEC>{GTDRSDB"B\_HU>`B
U>
DF>>Aﬂ]F_H>
ECEHGTcD i\O?EC>
Q©vL\¢i`>
_HBP\GTDQF>`U_C>`>¯ce¤wu¡ GJD\i`BCGJIX\XBCGTcD i
\D I\X_HL\gqcDFU
Q?GJop>
_C>`DB(BPGJECECO?>ﬃ\DFQi`>
KJK/BYLs]/>
E{\DFQBC<\XB
kﬂGJD]\_NBPGTi`OFKj\X_
kGJBﬁi\DlQF>
]/>
DFQzcDhBP<F>w]?_C>
EH>
DFi`>
cXe\D >AsBP_C\i
>`KTKTO?Kj\_EHGTUD\XKr=£¬>
DFi`>k{BP<F> EHBC_CcDFU>
_zBP<F> >AsBP_C\i
>`KTKJOFKj\_RSDB¯ECGJUD\KkﬁBP<F>
<?GTU<F>`_fBP<F>zKJ>`I>`K{cee:O?DFi`BCGTcD\XK(wu¡ ]F_HcBP>`GTDBP<F\XBdGTEd_C>`OFGT_H>
Q BPc]F_C>I>`DBlgl\XKTGTUD\DB
BC_P\D?EHe:c_Hgl\XBCGTcDr¡ﬁcDFEH>
OF>
DBCKJLk/^ﬁ>]F_C>`QFGTiBBC<\XB]\_NBPGj\XK4wu¡ GTDF\i`BCGJIX\XBPGJcDzi\D¯ECOqi`>
e:c_fgl\XKTGTUD\DBBC_P\D?EHe:c_Hgl\XBCGTcDOFDFQF>`_di
>
_NB\GJDi
GJ_Ci
O?ghENB\DFi`>
E`kﬀ^{<FGTi< GJEfECOF]?]pc_NBP>`QvL
BC<F>¤>'Aﬂ]p>`_CGTgq>
DBP\KcvFEC>`_HIX\XBCGTcDFE"cD
%


>'Aﬂ]F_C>`ECECGJcDKJ>`I>`KTEuGTD¡(«=¡©i
>`KTKTEZ:¤KTv?OFOF>
_HsO?>
>B{\KrJkﬂ|}}|[u\XDFQcDQFcEC>atQF>
]/>
D?QF>
DB{>`op>
iBPE=ce¤u¡ ]?_CcBC>
GTDlGTDlEHOF]F]F_H>
EHECGTD?UqGJDBP>
ENBPGJD\K
BCOFgqcOF_CGJU>
D?>
ECGJE¬Z 4GF>Bﬁ\XKrnk|}}[r;=<FGJEmGTKJKTOFENBP_P\!BP>
E6BP<\XB"BC<F>{>
DIsGT_CcDFgh>`DB@gqGTU<B]FKj\L\XD
>`ECEH>
DBPGT\Km_CcKJ>fGTD­BC<F>]F_Hcﬂi`>
ECEceugh\KTGJUD\DBBP_P\XDFEHe:c_Hgl\!BPGTcD­\Ew^@>
KJKm\EﬃGTD¢Q?> DFGJDFUBP<F>
BCOFgqcOF_=]F<F>`DFcBYLs]/>r
;=<?>ﬁ_C>`ECOFKnBPE6\v/c2I>ﬁgqGTU<B8>Aﬂ]FKT\GTD^{<LMU>
DF>BPGJiﬁ\KnBP>`_P\XBCGTcDFE4cXeFBP<F>
%


U>
DF>@\_H>@_H>
EC]/cDﬂa
EHGTvFKJ>(e:c_mgqc_C>¬¡(«=¡ i\EH>
E"BP<\XDh® aYi
\XBP>`DFGTDd\Xvp>`_C_P\!BPGTcDFE
kQ?>
EC]?GJBP>=BC<F>=ey\i`BmBC<\XBmBP<?>¬KT\XBCBC>
_
_H>
OFGJ_C>
E HOFENBhcDF>z<FGJB
r;=<F>zDOFgfv/>
_dcew® ati\XBC>
DFGJD]pcGJDBdgfO?B\!BPGTcDFEi
cDﬂe:>
_C_HGTDFU¤@¡ua
_H>
EHGTEHBP\DFi`>ﬃGTE(v/>
KJGT>`I>
QBCcvp>wI>
_HLKTc^ \E(BP<?>`L<F\I>ﬃBPcgqcﬂQFGne LBP<F>MM?¥®_C>`i
cUDFGJBCGTcD
\X_C>\EH]p>`i
G Fi\KJKJL ZyﬀGTU?r ¥['k^{GJBC<FcO?BM\Xop>
iBPGJDFUz®4ati\XBC>
DFGJD  EwBP_P\XDFECi`_CGT]ﬂBPGTcD\K6e:O?DFi`BCGTcD rWYD
i`cDBP_C\EHB
k\^{GTQ?>(_P\D?U>(cegqGTEHEC>
D?EC>{\DFQD?cDFEC>`DFEC>{gfOﬂB\XBCGTcDFE6GTDBC<F>
%


EH>
OF>`DFi
>{i\XD
KJ>\Q BPc¦BC<F>l]?_CcsQFOFi`BCGTcDce=BP_HOFDFi
\XBP>`Qwu¡ ]F_CcXBP>
GJDFE^{GnBP< _H>
QFO?i
>
Q Z:c_D?cDﬂaY>'AﬂGTEHBC>
DB'[
® ati\XBC>
DFGJDŁQFc^{DF_H>
UOFKT\XBPGJDFU­\Xi`BPGnIsGJBYLr;=<F>\i
i`OFgfOFKT\XBPGJcDŁceﬁBY^ﬁc¢EHOFi<wu¡ <FGJBCEi`cOFKTQ
BC<OFEdcﬂi`i
OF_cD \I>
_P\XU>zvp>e:c_C>BC<F> _CENB */2
(
1® aYi
\XBP>`DFGTD <?GJBr wOF_ghcsQF>`Kﬁ]F_H>
QFGJi`BPGJcDFE
EHOFUU>`EHBfBC<\XBBP<F>`EC>BY^@c¢<FGJBCEi
cOFKTQvp>\XvFKT>qBPc¦]?_CcgqcBP>qRSDBECGJUD\KJKTGTD?U>`I>`D GJe(BC<F>`L
cDFKJL]\_NBPGT\KTKnL>
KJGTgqGTD\XBC>wu¡¤ EBPOFgqcOF_qECOF]?]F_C>`ECECc_ze:O?DFi`BCGTcD ru;=<F>­Q?>
]/>
DFQF>`DFi
>v/>a
BY^@>
>`D¯BC<F>QFGTENBP_CGJvFO?BCGTcDFE=cXe6BC<F> _CENB¤\XDFQzEC>
i`cDFQ¯wu¡ <FGnBPE=QF>`ECi
_HGTv/>
QvLz¤KTv?OFOF>
_HsO?>
>B(\XKr/Z|X}}|[gqGTU<B"BP<OFE@vp>_C>
KT\XBP>`QqBCcBC<F>gO?B\XBCGTcDF\K>`I>
DBPE(gqcENBﬁKJGT>`KJLfBCccI>`_Ci`cgh>
\gqGTDFGJgfOFg wu¡©GTD\Xi`BPGnIX\XBPGJcDfKT>I>`Ke:c_"BCOFgqcOF_CGJU>
D?>
ECGJE
k_C\XBP<F>`_mBP<\DqBPc\MEH>
KJ>
i`BCGTcDde:c_
%


U>
D?cBYLs]p>`E_C>B\GJDFGTDFU\KJ>`I>
K?cXewu¡\i`BCGJIsGJBYLﬃBC<\XB6c]?BCGTgqGTEC>`E8BC<F>ﬁvF\Kj\D?i
>uvp>BY^ﬁ>`>
D
GJDFi
_H>\EH>
QRSDB¬B\X_CU>BU>
DF>M>Aﬂ]F_H>
ECEHGTcD¦\DFQi
>`KTK4]F_HcKTGne:>
_P\!BPGTcD ZﬂgqGJBCE=>`B\Krnk|}}}[k_H>a
Q?OFi
>`Q©i
>`KTKsi
>`KTK=\Q?<F>
EHGTcD \DFQ>
DF<F\DFi
>`Q GTDIX\EHGJI>`DF>
EHE­Z:EC>`i`BPGJcD~Fr$|[d\XDFQBCOFgqcOF_di
>`KTK
EHOF_HIsGnI\XKuZﬃGTg >`B\KrJk|X}}}['r

" 

(
8<	 2$   0 8
&)(
*/2$  *+		23)©Z


   8<*  
 
[
u\X_CGTcOFE=\EHEP\LsE¬<F\I>EC<Fc^{DzBP<\XB{i`>
KJKsi`>
KTKp\QF<?>
ECGJcDzi\DGJDBP>
_Ne:>
_H>w^{GJBP<RSDB{ECGJUD\KJKTGJDFU
O?DFQF>
_8ECcgh>"i
GJ_Ci`OFghENB\D?i
>
E`r!c_4GTDFENB\DFi`>k!\{EHBPO?Q?LvL?\DFEHcD>Bﬀ\XKrZbª[EH<Fc^ﬁ>`QBP<F\XBk
GJD  *+  	
(
2$798q>`gfvF_HLcE
k?c2I>
_H>Aﬂ]F_C>`ECEHGTcD¯ceﬀati\QF<?>
_CGJDi\D\DBP\UcDFGJEC>wRSDB{ECGJUD\KJKTGJDFU
|ﬂ
vL EC>`OF>
ENBP>
_HGTDFU¢_Cgh\QFGJKTKTc?kpBP<?>  *+  	
(
2$798¦<FcgqcKJcUOF>dce=® ati\XBC>
DFGJD r4¤D\XKTcUcOFE_H>a
EHOFKJBCEﬁ<\I>wvp>`>
DcvﬂB\GJDF>
QhGTD   	
ﬃ>
gvF_HLcEZ\UcBCBCc>B{\Krnkª?s£>\XECgh\D>`B(\Krnk
~['r¯c_H>¬_H>
i`>
DBPKnLksﬃOF]F<\K\XDFQlx@>
<F_H>
DFE¤Z|}}ª[ﬀ<\I>¬EC<?c2^{DqBP<\!B@_H>
GJDBC_CcsQFOFiBPGTcDqcXe
ﬀati\QF<?>
_CGJDzGTD | FvF_Ccv?Kj\ENBPE=QF>ﬃi
GJ>
DB{GTDRSDB{ECGJUD\KJKTGJDFU\XDFQati\Q?<F>
_HGTDﬂatgh>`QFGj\XBC>
Q
\XQF<F>
EHGTcDz<\XE¬KJGJBHBPKT>¬>`op>
iB¬cDzU>
DF>>'A?]?_C>
EHECGJcD r;=<F>M\O?BC<Fc_CE=i`cDFi`KTOFQF>ﬃBC<\XB{ﬀaYi
\QF<F>`_CGJD
GJD?OF>`DFi
>`Eli`>
KTK{EHGTUD\XKTKTGJDFU­GJD©\RSDBNaYQF>`]p>`DFQF>`DBlgl\XDFDF>
_`r";=<FGTEq_C>`ECOFKnBlGJEde:O?_HBP<?>
_qECOF]ﬂa
]/c_NBP>
QvL D?QFGTDFUEﬃvLcBHB\_HQFG\XDFQ¢RŁcD?U Z|}}ﬂ2[ /BP<F>L¢cvFEH>
_HI>
QŁ\zQ?>
i
_H>\EH>dGTDi
>`KTK
U_Cc^=BP<\!e BP>
_u_C>`EHBCc_CGJDFUM^{GJKTQﬂaBYLs]p>¬i\Q?<F>
_HGTDl>'Aﬂ]F_C>`ECECGJcDGTDh\<OFgh\D¡(«=¡ i
>
KJKnatKTGTD?>(Kj\ia
GJDFU¬i\QF<?>
_CGJDﬂaYgq>
Q?Gj\XBC>
QM\QF<F>`ECGJcD r EHGTDFU¤\¬;¬¡(mV8"KTOFi`GJe:>
_C\EC>u_C>`]pc_HBP>`_]FKj\EHghGJQ k
BC<F>`L
_H>`I>\KJ>
QBC<\XBBP<?GTEU_Cc^=BC<GTD?<FGTvFGnBPGJcD¤^ﬁ\E6Q?OF>uBCcQ?>
i
_H>\EH>
QRSDB6ECGJUD\KJKTGTD?UFk`_C\XBP<?>
_4BP<\XD
BCcGTD?i
_C>
\EC>`Q­i
>`KTKsi
>`KTK8\QF<F>`ECGJcD r ﬃO?_¤gqcﬂQF>`K8\KTEHcl]F_H>
QFGJi`BPEZ


r	spEH>
>dﬂO?ghgh\_HLx@cA­¥[
BC<\XBf\DŁGJDFi
_H>\EH>GTD BP<F>lati\Q?<F>
_HGTD KJ>`I>`K@i
\D ]F_H>`I>
DBBP<F>qBP_C\DFECQ?OFi`BCGTcD cXe=BP<F>qRSDB
EHGTUDF\Krp£c^@>`I>`_
k8\Eﬃ\i`cDFEC>`OF>
DFi`>hcXe@D?c_Cgh\K8]F_CcBC>
GJD­BPOF_HDFcI>
_M\D?Q i`cgq]FKT>'A¢\EHEC>`gda
v?KJL?VXQFGJECECcsi
GT\XBPGJcD¢GTDF>BPGJi
E
k BC<F>q]F_C>`QFGTiBP>
Q   GJQFD\]F]?GTDFUFce(® aYi
\XBP>`DFGTDvLﬀaYi\XQF<F>
_HGTD GTE
cDFKJLBC_P\DFEHGT>`DB
rﬂ;=<F\XB(GJE
kscDFi
>¬BP<F>¤\QF<F>`ECGJcDﬂaYi`cgq]FKT>'AqKT>`I>
K/_C>
\i<F>
E{\MDF>`^ ENBP>\XQ?LlENB\XBC>k
® ati\XBC>
DFGJD^{GTKJKECKTc^{KnL_C>`BCOF_CDfBCcwGJBCE6c_CGTUGTD\KKJ>`I>
KZ:BP<?>(QFOF_C\XBPGJcDf\D?Qfgl\XUDFGJBCOFQF>uceFBC<F>
EH>
i<F\DFU>`EﬃQF>
]/>
DFQ?GTDFUcD¦BP<F>]\_P\Xgh>BP>
_¬IX\KTOF>`E['rp BC_P\D?ECGT>`DBwQF_Hc]­GTD¯RSDB¤B\_HU>`B¤U>
DF>
>'Aﬂ]F_C>`ECECGJcDGTEuDFcB@DF>`i
>
EHEP\_HGTKnLlGJDhQFGJEP\U_C>
>`gh>`DBﬁ^{GJBC<hBC<F>¤>'A?]/>
_HGTgq>
DB\XKpcv?EC>
_NIX\XBPGJcDFE
ks\E
GnB¤i`cOFKJQ­Kj\ENB¤KJcDFUh>
DFcO?U<¦BPc?k/e:c_GTDFENB\D?i
>k/i\XOFEC>\XvFDFc_Hgl\K>`gfvF_HLcDFGJifQF>`I>
KJc]Fgq>
DBr
c_C>`c2I>
_`kGTD_C>`EC]/cDFEH>BPchﬀaYi
\QF<F>`_CGTD¯cI>
_H>Aﬂ]F_H>
ECEHGTcDkcOF_¬gqcﬂQF>`K\KTEHch]?_C>
Q?GTi`BCE¤\q]p>`_Na
gh\DF>`DBlGJDFi
_H>\EH>¯GJDi`>
KJKsi`>
KTK(\QF<F>`ECGTcD km^{<FGTi< i
cOFKJQ >'Aﬂ]FKj\GJDBP<F>GTDF<?GTvFGnBPGTcDcewv/cBP<
U_Cc^=BP< \XDFQ GTDIX\EHGJI>`DF>
EHEcvFEH>
_HI>
QSGTD i\D?i
>
_li
>
KJKTE¦Z_CG Aﬂ>
D©>Bz\KrJk{ﬂmwKT>`ghGJDFiA
>B\Krnk ﬂ2[r
ﬀati\QF<?>
_CGJDﬂaYGJD\iBPGJIX\XBCGTDFU=gO?B\XBCGTcD?E6<\I>(vp>`>
DfQ?>`BP>`i`BC>
QdGTDMEC>I>
_C\KF<OFgh\Di
\DFi`>
_CE\DFQ k
GJDh]F\_HBCGTi
O?Kj\_`kU>
_HghKJGTDF>=gO?B\XBCGTcD?Em<\I>¤v/>
>`D_C>`Kj\XBC>
QdBPcMGTDF<?>
_CGnBP>`QhU\XEHBP_HGTi¬\DFQhi
cKJc_C>`ia
BP\K8i\DFi`>
_ﬃENLﬂD?QF_Ccgq>
EZ¡ﬁ<F_HGTEHBCce:c_HGﬀ\D?Q ﬂ>
gfvkﬀ?/«¬GJi<\_CQ?Ew>`B\XKrnk8['kpEHOFUU>`EHBHa
GJDFUBP<\XBﬁﬀaYi
\QF<F>`_CGTDl\i`BCE(\E@\MBCOFgqcOF_"ECOF]?]F_C>`ECECc_
rF;=<F>OF>
ENBPGTcDl_C>`gl\XGTDFEm^{<F>BP<F>`_ﬁBP<F>
cDFi
cU>
DFGJiﬁ>`op>
iBPE"\EHECcsi
GT\XBP>`Q^{GJBC<BP<F>ﬁKTcEHEﬀce/ﬀaYi
\QF<F>`_CGJDe:OFDFiBPGTcD\_C>ﬁQFOF>ﬁBCcw>
DF<F\DFi
>`Q
RSDBMECGJUD\KJKTGJDFUhc_ﬃQF>
i`_C>\XEC>
Qi
>`KTKi
>
KJKﬀ\XQF<F>
EHGTcDr4WYDBC<F>i
cDBC>AsBceucOF_ﬃgqcﬂQF>`KkﬀZ


r [k
\ _C>`QFOFi`BCGTcD©GTD ﬀati\QF<?>
_CGJD©>'A?]?_C>
EHECGJcD GTD BP<F>¦\vFEH>
DFi`>­cewRSDB_H>
ECO?KJBPEqGTD©\]F_Hc]/c_Na
BCGTcDF\K"QF>
i`_C>\XEC>GTDBP<F>KJ>`I>
KﬁcXe¬\QF<F>`ECGTcD i
cgq]FKJ>Aﬂ>
E`r >I>`_HBP<?>
KT>`ECE`k"\i
i`c_CQFGJDFU¯BCc¢cOF_
EHGTgfO?Kj\XBCGTcDFE`k8ati\Q?<F>
_HGTD _C>`]F_C>`ECECGJcD <\EKJGJBCBCKT>q]pcXBP>
DBCGj\K"BPc¢GJDFQFOFi`>BP<F>>'A?]?_C>
EHECGJcD cXe
RSDB=BP\_CU>B=U>`DF>
E{GTDBC<F>\vFEH>
DFi`>ce6\RSDB¬ENBPGTgOFKTOFE`kﬂv/>
i
\OFEH>\XDLl® aYi\!BP>
D?GTD_C>`KT>
\EC>`Q
e:_Hcg BP<F>fi`>
KJKﬀgq>
gfvF_C\DF>GTEw_C\]FGTQ?KJLzQF>`U_P\Q?>
Q r WYD­BC<FGTE¤KTGTD?>kp£>
_H
GJU>`B\XKrﬀZ|}}ª[¬<\I>
_H>
i`>
DBPKnL­_C>`]pc_HBP>`Q¢BP<\XB
kGJD¢«¬GJ] ;6\U|hgqGTi`>k/® aYi\!BP>
D?GTD­GJEwDFcBﬃ]?_C>
EH>
DBMGTD¦BC<F>DOFi
KJ>
GcXe
ﬀati\QF<?>
_CGJDﬂaYD?>
U\XBCGJI>wBPOFgqcOF_=i`>
KTKJE
r
;=<?>ﬁBP_C\DFECGJ>
DBDF\XBPOF_H>(ceFBC<F>(]F_H>
QFGJi`BC>
Qi<\D?U>
E{Z


r	¤\XDFQ


r [8GTEﬀ\D\!BPOF_C\Kﬂi`cDFEH>
OF>
D?i
>
cXeﬀDFc_Cgh\K ]F_HcBP>`GTDBPOF_HDFcI>`_v/>
GJDFUdECKTc^@>
_{BP<\XD¯i`cgh]?KT>A\ECEH>
gfv?KJL?VXQFGJECECcsi
GT\XBPGJcDGTDF>BHa
GJi
E`rF;=<F>M>A?\i`B¬QFO?_P\XBCGTcDz\D?Q¯gh\UDFGnBPOFQ?>wce8BP<F>i<\D?U>
E{GTDRSDB¬ECGJUD\KJKTGTD?UQF>`]p>`DFQ¯cD
BC<F>zghcsQF>`K(]\_C\gh>BP>`_IX\KTOF>`Eq\DFQ kGJD ]\_HBCGTi`OFKj\_`k6cD BC<F>BPcBP\K=\gqcOFDBdce¬® aYi
\XBP>`DFGTD
]?_C>
EH>
DBhGTD BP<?>i
>
KJKﬁ^{<F>`D©ﬀaYi
\QF<F>`_CGJDGJD\iBPGJIX\XBCGTcDcﬂi`i
OF_HE
ru¡ﬁcD?EC>
OF>`DBPKJLkm^ﬁ>z>Aﬂ]/>
iB
BC<F>
EH>i<F\DFU>`E{BCcdvp>Xk?e:c_=GTD?EHB\XDFi
>XkKT>
EHE=]F_CcDFcOFDFi`>
QGTDzDFc_Hgl\XKi
>`KTKJE(BP<\DzGJDwu¡ \D?Q
® ati\XBC>
DFGJDgO?B\DBCE
rOF_HBC<F>
_Hghc_C>kﬂ^ﬁ>Mi
cD?i
KTO?QF>MBC<\XB¬ﬀaYi
\QF<F>`_CGJD¯GJD\i`BCGJIX\XBCGTcDGJE{KTGTX>
KnL
||
BCc]FKj\Lh\f_CcKT>¬Kj\XBC>¤GTDhBPOFgqcOF_@]F_CcU_C>
EHECGJcD k?gh\GJDFKJLBC<F_CcO?U<z\KJBC>
_H>
Qi`>
KTKsi
>`KTK/\QF<?>
ECGJcD r
;=<?GTE{GTE{ECO?]F]pc_HBP>`Q¦vLBP<?>>'A?]/>
_HGTgq>
DB\XK4cvFEC>`_HIX\XBCGTcDzBP<\!B¤ﬀati\QF<?>
_CGJD¯GJD\iBPGJIX\XBCGTcDGJDﬂa
Q?OFi
>`E>\X_CKJL¦GTDIX\ECGJcD \DFQ gh>B\ENB\EHGTEce@]\DFi`_C>
\XBPGJiq® ati
>
KJKﬀBPO?ghcO?_CEGTDgqGTi
>Xk^{<F>`_C>\XE
ﬀati\QF<?>
_CGJDd>Aﬂ]F_C>`ECEHGTcDq_C>`ECOFKnBPEmGTDq\_H_C>`EHB"ceBPO?ghcO?_QF>`I>
KJc]Fgq>
DB@\XBmBP<F>{\XQF>
DFcgl\wENB\U>
Zy6>`_CK>BM\Krnk6['rpEﬃ>Aﬂ]F_C>`ECEH>
QŁvL¯BP<F>\XO?BP<Fc_CE
k  1
(

&
8<1 8 
  	1 1
(
8<1    0 8
&)(
*2$
0	)
61 * 801$ 1
(
'1 
  )
* 0	7$7

'1 * 8<,2$1 23) 1>8< 2$0$)8)2%$< 
(
)1 	6    8<2$6138<2$62$ 2$ﬂ
1 *+0	7$7 
 798<* 8
&)(
	23) 8<
&
0	7$7 
798<* )* 8<62  8<1ﬃ23)r  ¦\_HUOFKTGJE=>`B\KrZ|}}[ﬁ<\I>M_C>`i
>`DBCKJL
\X_C_CGnI>`Q¦\XB¬\XD¦\DF\KTcUcOFE=i
cDFi
KJOFECGJcD\Xe BP>`_\XD\KJLsEHGTDFUfBC<F>>o>`i`BCEceﬀﬀaYi
\QF<F>`_CGTD>Aﬂ]F_H>
Eba
EHGTcDzcDzBP<?>\XUU_C>`ECEHGJI>`DF>
EHE¤\XDFQ¯GJDI\XECGJI>
DF>`ECE¬ce6<sO?gl\DECO\XghcO?ENaYi`>
KJK i\D?i
>
_HE
r

" 	

&
7,*+	6*/1ﬃ23	 8<
&
7 22$1 8<1 23),
WtB¤GTEGTgq]pc_NB\DB{BPcl_C>\XKTGTEH>MBC<\XBI\X_CGTcOFE]?<F>
DFcgh>`D\li\XD­i
KJcOFQ¢\li`KT>
\_Q?GTEHBCGTDFiBPGJcD¦v/>a
BY^@>
>`D r Wf\D?Q r WCWr"c_f>'A?\gh]?KT>k\ QF>`i
_H>\EH>¯GJDi`>
KJKsi`>
KTKﬁ\QF<F>`ECGJcD GTD _C>`EC]/cDFEC>zBPc
RSDBEHGTUD\XKTKTGJDFUqi
cOFKJQ¢vp>i
\OFEH>
Q vL¦QFc^{DﬂaY_H>
UO?Kj\XBCGTcD­cXeuBC<F>dﬀaYi
\QF<F>`_CGTD¢U>
DF>Xk _P\XBC<F>
_
BC<\D BCc\Ł_C>
\KTKJcﬂi
\XBPGJcD ce® aYi
\XBP>`DFGTD©e:_Hcg BP<F>¦gh>`gfvF_P\XDF>¯BCcŁBP<F>¦DsO?i
KT>`OFE
rﬁ EHBCOFQ?L
cD­e:cKTKJGTi
O?Kj\_{gqc_C]F<?cU>
D?>
ECGJEwGTD¦ghGJi
>EHOFUU>`EHBCEBC<\XBwBC<F>>Aﬂ]F_H>
EHECGTcD cXeuBC<F>ﬀaYi
\QF<F>`_CGJD
U>
DF>MghGJU<B=GTD?QF>
>`Q¯v/>_C>
UOFKj\XBC>
QzvLRSDBEHGTUDF\KTKJGTDFUzZ 	\gqc_P\f>B¤\XKrnk|}}¥[r ¯c_C>
cI>
_
k
BC<F>® aYi
\XBP>`DFGTDi
cDﬂe:c_Cgh\XBPGJcDŁi`cDBP_HcK@EN^{GJBCi<i\Dv/>cI>`_C_CGJQF>
Dr£>`DFi
>Xk"ﬃcBCBP\_CQFGu\D?Q
ﬃOFgfv?GTDF>`_¬Z|}}X~[ﬀ<\I>¬ECOFUU>
ENBP>
QqBP<\!B"]F<FcEH]F<Fc_NLﬂKT\XBP>`QﬀaYi
\QF<F>`_CGJDqGJE"\vFKJ>(BPcMi
cgq]FKT>'A
^{GnBP<fi`KTcEH>
Qﬂae:c_Cg ® ati\XBC>
DFGJD r!ﬀGTD\XKTKJLki
cD?i
>
_HDFGTD?U¤BP<F>@EH^{GnBPi<UcI>`_CDFGJDFUw® aYi
\XBP>`DFGTD E8ey\XBP>
Zﬂ>
iBPGJcD|ﬂr ¥[kBP<F>ﬃcDFKJLh\EHECOFgq]?BPGJcDGTD?i
c_H]pc_C\XBP>`QGTDBCcBP<F>¤ghcsQF>
KpGTEuBP<\XBﬁBP<F>w]?_C>
EH>
DFi`>
cXem\RSDB¬ENBPGTgOFKTOFE=GJDFQFOFi`>
E{BP<F>lZyGJ_C_H>`I>`_CEHGTvFKJ>[ﬁ]F_HcﬂQFO?i`BPGJcDce\e:c_Hg ce® ati\XBC>
DFGJDzBC<\XB
GJEﬃOFD\v?KT>BPczvFGJDFQ¢BPcﬀaYi\XQF<F>
_HGTD r4;=<?GTEU>
D?>
_CGJid\]F]F_Hc\i< KT>
\I>
EMc]/>
D¢BP<F>d]/cECEHGTvFGJKTGnBYL
BC<\XB"BP<?>EN^{GJBPi<hGTE"i
cDBC_CcKJKT>`QqvLdgq>
i<\XDFGTEHghE"cBC<F>
_"BP<\XDh]F<?cEC]F<?c_HLsKj\!BPGTcDh\!B@;"Ls_NaP~|ﬂk
EHOFi<­\XE¬]?<FcEC]?<Fc_HLsKT\XBPGJcDzceﬀ® ati\XBC>
DFGJDz\XB{;uLs_babªX~¦ZyEH>
>ﬀGTU?rF¥['r
s>`I>`_P\KENBP>`]FEm^{GJBP<?GTDfBP<?>=_C>\Xi`BPGJcDECi<?>
gq>ZyﬀGTU?rX~[\X_C>(ENBPGTKJK?]/cﬂc_CKJLMOFD?QF>
_HEHBPcscsQ kECO?i<l\E
BC<F>=_CcKT>(ce/BP<?>(RSDBuEHOF_Hey\i`>=_C>`i
>
]ﬂBPc_HE¤Z¡(\QFGJU\Dd\DFQ 4GTOk|}}ª[6\DFQBC<F>{gh>`i<\DFGJECg cXe
GJDF<FGJvFGJBCGTcDMceBP<?>=QF>
ENBP_CO?i`BPGJcDi
cgh]FKJ>AZy;8cKn^{GTDFEHsG?\DFQfRSGJ>
ECi<F\OFE
k|}}~vXRcDFUw>B"\Krnk
|X}}¥['r;6cl\IcGTQGTDBC_CcsQFOFi
GJDFUh\q<FGJU<KT>`I>
KceﬀOFDFi
>`_HBP\GTDBYLGTDBPcqcOF_¬>
O\!BPGTcDFE¤\XDFQ¯]?_C>a
Q?GTi`BCGTcD?E
kﬂ^@>Mi<FcEC>ﬃBCcqv?OFGTKJQz\d_C\XBP<?>
_=U>`DF>
_HGTiﬃgqcﬂQF>`KGJgh]FKJ>
gq>
DBPGJDFUfU>`DF>
_C\KTKnL\Xi
i
>`]?BP>`Q
>I>`DBCE¤\XE{\ECEHOFgh]ﬂBPGTcDFE
kF_C\XBP<?>
_(BP<F\DBPcQF>I>
KJc]¯\fQF>`BP\GTKJ>
QgqcﬂQF>`KpBC<\XB=^@cOFKTQe:c_Hi
>ﬃOFE
GJDBPcf\<FGTU<hQF>
U_C>
>¤ceEC]/>
i`OFKj\XBCGTcDl\v/cO?BuBP<F>wgq>
i<F\DFGTEHghE@OFDFQF>`_CKnLﬂGJDFUEHOFi<z>`I>
DBPE`r?RŁ>
\X_C>¬\KTEHc\^(\_H>=BP<\XB"BC<F>(e:OFDFiBPGTcDFGTDFUﬃcXepBC<F>=RSDBuEHGTUD\XKTKTGJDFUw\XDFQhi
\QF<F>`_CGJDﬂaYgq>
QFGT\XBP>`Qd\Qﬂa
<?>
ECGJcD]\!BP<^(\LsE(gh\LhQ?GJop>
_uvp>BY^ﬁ>`>
DzQFGJop>
_H>
DB@c_CU\XDFGTEHghE@\DFQi`>
KJK/KJGTDF>`E
rsﬀGJUFr~EH<FcOFKJQ
BC<F>
_H>`e:c_H>DFcB=v/>ﬃGTDBP>`_C]F_H>`BC>
Q¯\E NBP<?>
 62%$<*+ 8<7]\XBC<^ﬁ\L FkvFO?B\E{\fU>`DF>
_HGTi\D?QzF>AﬂGna
v?KT>we:_P\Xgh>^ﬁc_HlBP<F\XB¬i\Dvp>gqcﬂQ?G >`QzBCcdi<\_P\Xi`BP>`_CGJEC>MEC]/>
i
G i>Aﬂ]/>
_CGJgh>`DB\K4EHi
>
DF\_CGJcE
k
i`>
KJK8KJGTDF>`E¤\XDFQ­EC]/>
i`GT>`E
r/;=<FGTEi\D­v/>MQFcDF>vL¯>AsBC>
DFQFGJDFUlBC<F>gqcsQF>
K4BPchGTDFi`c_C]/c_C\XBP>\Qﬂa
Q?GJBPGJcD\K]?<F>
DFcgh>`D\c_@vLhECGJgh]?KJLi<\XDFUGTD?UBP<?>¤IX\KTOF>`EﬁceBP<F>ghcsQF>
K]\X_P\gq>`BC>
_CE`rﬂ;=<?>
KT\XBCBC>
_GTDFi`KTOFQF>`EfDFcBfcDFKJL IX\_HLsGJDFU­BP<F>l_C>\Xi`BPGJcD_P\!BP>
Ef\DFQ GTDFGnBPGT\Kmi
cD?i
>
DBC_P\XBCGTcDFE`kvFO?B
\XKTECcdEN^{GJBPi<?GTDFUd]\_NBPGJi
OFKT\_(]F_Hcﬂi`>
ECEH>
EcDzc_=co6r
|¥
RS<?GTKT>EH>
>
GJDFUlBPchv\KT\DFi
>ﬃBC<F>KJ>`I>`KTE¬cemgh\XBP<?>
gh\XBPGJi\K4\XDFQ¦vFGJcKTcUGTi
\Ki`cgh]?KT>AﬂGnBYLkcOF_
\X]F]F_Cc\i<gqGTU<B@<\I>wcI>`_CEHGTgq]FKTG >
QhEC>`I>
_C\K4\EH]p>`i`BPEﬁce BP<?>¤RSDB(]\XBC<^(\LrﬂRŁ>QFGTEHi
OFEHE
BC<F>
g cDFKJLv?_CGT>FL<F>`_C>Xkﬂ\XEu^@>v/>
KJGT>I>=BP<\!BuBC<F>
GJ_"QF>`BP\GTKJ>
Qq\D\KnLsECGTE"GJEmvp>LcDFQhBP<F>¬ECi`c]p>
cXe4BP<F>w]?_C>
EH>
DB{]\]/>
_`rFﬀGJ_CENBPKJLkGTDGnBPEﬁi`OF_C_H>
DB(e:c_Hg cOF_(gqcﬂQ?>
KQFcs>
E(DFcXB{\i
i`cOFDB(e:c_uBP<F>
ey\Xi`B{BP<\!BkKTGJ>® aYi
\XBP>`DFGTD k?wu¡ GTE¬\dgfOFKnBPGJe:O?DFi`BCGTcD\XKp]F_HcBP>`GTDŁZcsQFQF>k/|X}}¥['rFWtBPE¬GTDBP>`_Na
\Xi`BPGJcDFE^{GnBP< cXBP<F>`_i
>
KJKTOFKT\_i
cgq]/cDF>
DBCE
kEHOFi<©\XEBP<F>li`LBPcEH>`KT>`BCcD kmgqGTU<Bf\Xo>`i`BGnBPE
® ati\XBC>
DFGJDﬂaY_H>
UOFKT\XBPGJDFUe:OFD?i`BPGJcD rOF_NBP<F>`_Cgqc_C>XkF^ﬁ>MEHBCOFQFGT>`Q¯BC<F>Q?cEC>'aYQF>`]p>`DFQF>
D?i
>fce6BP<F>
_H>
EH]pcD?EC>¤BCcwu¡©gfOﬂB\XBCGTcDFEuGTDdBP>`_CgqE@cXe4i<\DFU>
E(GJDhBP<?>w\EHEC>
gvFKJLd_C\XBP>ce BP<?>QF>`EHBC_COFi'a
BCGTcDqi
cgh]FKJ>Apk?

r;=<F>_C>
KT\XBPGJcDdvp>BY^ﬁ>`>
DBP<?>>'A?]?_C>
EHECGJcDKT>I>
K/cegfO?B\XDB@wu¡ \DFQqBP<F>
]F\_P\gq>`BC>
_ ?

GTE`kﬂ<?c2^@>`I>
_`kDFcDﬂaBP_CGnIsGj\Krc_ﬁGTD?EHB\XDFi
>Xk?gfO?BP\DB(]F_HcBP>`GTDFEﬁghGJU<BﬁQFGJgh>`_CGJEC>
^{GnBP<^{GTKTQsatBYLs]p>M]F_HcBP>`GTDFE`k/BC<F>
_H>
vL¦>`DF<\D?i
GTD?Ugl\XKTGTUD\DB=BP_C\DFEHe:c_Cgh\XBPGJcD r/ﬂ>`i
cDFQ?KJLk/GTD
BC<F>dghcsQF>`KﬀECGJgfOFKT\XBPGJcDFE¤EH<Fc^{DGJD¢EC>`i`BPGJcD~Fk^@>q\ECEHOFgh>`QŁ\i`cDFEHBP\DBRSDBEHGTUDF\K

k
^{GnBP<} 

 r gqc_H>ﬃU>
DF>`_P\K4>'Aﬂ]F_C>`ECECGJcD¯e:c_(BP<F>ﬃRSDB¬ECGTUD\K GJE=UGJI>
DvL
  
ZC=H[ 
M Z>=H[
O
M ZC=H[
OwP
R
 
k
^{GnBP<@M
O
BP<F>>'AsBP_P\Xi
>
KJKTOFKT\_fi`cDFi
>`DBP_P\!BPGTcDcXe¬RSDBey\iBPc_HEd\DFQ R
 
\¢EP\XBCOF_P\!BPGTcDi
cXa
>ﬃqi
GT>`DBrmWte¤BC<F>RSDBHaey\i`BCc_VX_H>
i`>
]?BCc_dEHLsEHBC>
g BP>`DFQFEdBPc \¢EHBC>\Q?L sENB\XBC>kmBP<?>
D ^ﬁ>zi\XD
Q?> DF>lKTGTg ﬀ
   
Z>=H[ 

r4RŁ>h>Aﬂ]/>
i`BBP<F>hEHBC_C>
D?UBP< cXe(BP<F>dRSDBfEHGTUD\XK"BCc¦_H>\i< GnBPE
gh\!AﬂGTgOFg IX\KTOF>ce

 ^{<F>`D \KTKECO?_Hey\i`>f_C>`i
>
]ﬂBPc_HE\_C>i
cDBPGJDOFcOFEHKJL¯EHBPGJgfOFKT\XBP>`Q r
;=<?>BPGJgh>'aYQF>`]p>`DFQF>
D?i`L¯ceBP<?>RSDBwECGJUD\K8v/>
i
cgh>`E¤EC]/>
i`Gj\KJKJL_H>
KJ>`IX\DB¤^{<F>`Di
cDFEHGTQF>`_Na
GJDFUFk/e:c_wGTD?EHB\XDFi
>Xk i
>`KTKTE¤>Aﬂ]pcEC>
QBPc\lBC_P\DFEHGT>`DBﬃRSDBENBPGTgOFKTOFE¤c_wi
>`KTKJEwghGJU_P\!BPGTD?UlGTD\
RSDBNatey\iBPc_uU_P\XQFGT>`DB
r;=<FGT_HQFKJLkBC<F>¤gqcsQF>
KQFcs>
E@DFcB@i<\_C\i`BC>
_CGJEC>¬BP<F>DsO?i
KT>
\_@BC_P\D?EC]/c_HB
\XDFQ \i`i
OFgfO?Kj\XBCGTcD ceﬃ® aYi
\XBP>`DFGTD DFc_hBC<F>­GJDBC>
_C\i`BCGTcDFEqv/>`BY^@>
>
DS® aYi
\XBP>`DFGTDkﬁﬃ_CcOFi<FcFk
;¬¡( \DFQ BC<F>  rﬁcOF_HBC<FKJLk(KTcECEceﬀaYi
\QF<F>`_CGTDS<\XEv/>
>`D _H>
]/c_HBC>
Q BPc _H>
ECO?KJBzGTD
=aYi
\QF<F>`_CGTD OF]F_H>
UO?Kj\XBCGTcDZ¡(\IX\KJKj\_Hc>`B\KrJk4|}}|ﬂ4¡ﬁ<F_CGJEHBPcXe:c_CGk4|}}ª[r ;=<?GTE   i
\QF<F>`_CGJD
EN^{GJBCi< XgqGTU<B8>'AF\Xi
>
_Hv\XBC>ﬁBP<F>ﬁ\ECEHcﬂi`Gj\XBC>
QGTDFi`_C>\XEC>ﬁGJDGJDIX\EHGJI>
DF>`ECE
rﬀGTDF\KTKnLk
KJGTX>uBC<F>ﬁgh\!a
Hc_CGJBYLfce >'A?GJEHBCGTDFUMECOFv/i
>`KTKJOFKj\_"gqcﬂQ?>
KTE`kﬀGJUFr~Q?>
ECi`_CGJvp>`Eﬁ]F_HcBP>`GTD s]?_CcBC>
GTDdGJDBC>
_C\i`BCGTcDFEu\E
i<?>
gqGTi\XK4_C>\Xi`BPGJcDFE=B\XsGJDFUd]FKj\Xi
>GTD¯\d^@>
KJKnatghG A?>`Q k?<?cghcU>
DF>`cOFE{gq>
QFGJOFg¯rF£c^ﬁ>I>`_
k \
gqc_H>(_C>
\KTGJEHBPGJi@>`DIﬂGJ_CcD?gh>`DBghGJU<BGTDﬂOF>
D?i
>(RSDB"ECGJUD\KJKTGTD?U¬GJDEC>I>
_C\K?^ﬁ\LﬂE`ke:c_>'AF\Xgda
]?KT> 6Zb2[(OFDFQF>`_¤UOFGJQ\DFi`>cXe]F_HcBP>`GTD¦gqcI>`gh>`DB]F_Hc2IsGJQF>
Q¯vLzBC<F>iLBPcEH>
KJ>`BCcD k]?_CcBC>
GTD
GJDBP>
_C\i`BCGTcD?EfghGJU<Bv/>ey\i`GTKTGnB\XBC>
Q kuZ|[]F_HcBP>`GTD BC_P\DFEH]pc_HB]F_Hcﬂi`>
EHEC>
Edv/>`BY^@>
>`DBC<F>i
>`KTK
gq>
gvF_P\D?>k/i`LBPcEHcK\XDFQ­DOFi
KJ>
OFEﬃgqGTU<B¬i`cDFEHBCGJBCO?BP>f_C\XBP>'aYKJGTgqGJBPGJDFUfENBP>
]?EwGTD­v?GTcsi<F>
gqGTi
\K
D?>`BY^@c_CE
k4Z¥[mGTDqi
>`KTKTEuU_Hc2^{GJDFUMGTDlEHGT`>kIcKJOFgh>VXECO?_Hey\i`>_H>
Kj\!BPGTcDFE"i\DGJD?OF>`DFi
>¬BP<F>_C>`Kna
\!BPGJI>¬\IX\GJKj\v?GTKTGnBYLMce i`cgh]/cDF>`DBPEuceBC<F>]F\XBP<^ﬁ\L¦Z BP<F>¬_C>`KT>`IX\DBui
cDFi
>`DBC_P\XBCGTcDqOFDFGnBPEucebk
e:c_GJDFEHBP\DFi
>Xk_H>
i
>`]?BPc_CEﬃ\D?Q¢\QF<F>`ECGJcD¦i`cgh]?KT>Aﬂ>`Eﬃ\_C>MgqcKT>`i
OFKJ>
EV?ZyECO?_Hey\i`>f\_H>\[=_P\XBC<F>
_
BC<\D ghcKJ>
i`OFKT>`EV!IcKTOFgq>[f\XDFQ Z:~[fBP<F>]F_C>`EC>`DFi
>¦\DFQ \XvFOFDFQ\XDFi
>¯cewEH]p>`i
G Fi¯]F_HcBP>`GTDFE
i
\DIX\_HL \XghcD?U¢i
>
KJKTOFKT\_Mi
cgq]\_NBPgq>
DBPE`kﬀ^{<FGTi<i
cDFEHBC_P\GJDFE]F_CcXBP>
GJD s]F_HcBP>`GTDGJDBC>
_C\ia
BCGTcD?E{\DFQGTD?O?>
DFi`>
E{BP<F>cI>`_P\KJK GTDF>BPGTiﬃ_C\XBP>`E
r
|X~
"
   
1ﬃ
*+ *+	  8<*	0
(
;=<?>
_C>\_H>lBY^@c cvIsGJcOFEQFGJ_C>
iBPGJcDFEe:c_f>AsBP>`DFQFGJDFU¢BP<F>^@c_C]F_C>`EC>`DBC>
Q GTDŁBC<FGTEf]F\]p>`_
r
6GT_CENBPKnLkBP<F>`_C>\_H>wEC>I>
_C\K4>Aﬂ]/>
_HGTgq>
DBPEﬁBC<\XB=i`cOFKJQvp>w]/>
_Ne:c_Cgq>
QBCcfIX\KTGJQ\XBP>¬cOF_ﬁghcsQﬂa
>`KTKJGTDFU¢\XECECO?gh]?BCGTcD?Eh\XDFQBC>
ENBlcO?_ghcsQF>
Kﬁ]F_C>`QFGTiBPGTcDFE
ruﬂ>`i
cD?QFKJLkBP<F>ghcsQF>`K(i
cO?KTQ vp>
>'AsBP>
D?QF>
QBPcdGTDFi`KTOFQ?>\QFQFGnBPGTcD\Ke:>\XBCOF_C>`E
rFR>ﬃ>Aﬂ]\DFQ¯cDz>\i<ceBP<?>
EC>BP<?>
gq>
E=v/>
KTc^r
ﬃGJI>
D BP<F>zGJgh]/c_HBP\DFi`>ce¬RSDBqQ?LsEH_C>
UOFKj\XBCGTcD GJDi`cKTc_C>
iB\Kﬁ]\XBP<?cU>
D?>
ECGJE
km® aYi
\XBP>`DFGTD
GJEwD\XBCOF_P\XKTKJLv/>
GJDFUi
cD?ECGTQ?>
_C>`Q \Eﬃ\gqcKT>`i
OFKT\_BP\_CU>BﬃGTD¦QF_COFUzQF>`ECGJUD­e:c_¡(«=¡ Z¡ﬁKT\]ﬂa
]/>
_>`B¦\KrJk{|X}}~F ﬃ\D?GT>
KJE>`B¦\Krnk¬|}}ﬂ2[r¬ﬂ>I>`_P\KMi<F>
gqGTi
\K\U>`DBPE
k¬ECO?i< \E¯\EC]FGJ_CGJD k
GJDFQFcgq>`BC<\i`GTD¯\DFQ­EHOFKTGJDFQ\iMECOFKne:cDF>Xkp\X_C>DFc^{D­BCclGTDBC>
_He:>`_C>M^{GJBP<BP<F>MRSDBwECGJUD\KJKTGJDFU
]F\XBP<^ﬁ\L¢\DFQGTD?FOF>
DFi`>® aYi\!BP>
D?GTD¢KT>I>`KTEwGJD ¡(«=¡ i`>
KJKTE
rp;=<F>
GJ_wEC]/>
i`G idgq>
i<\XDFGTEHghEwcXe
\Xi`BPGJcD¦_H>
gh\GTDOFDFDFc^{D k<Fc^ﬁ>I>
_`r ¤EECOFgqgh\_CGJEC>
Q¯vL¢¡ﬁKT\]F]/>
_¬>`Bﬃ\XKr6Z|}}~[k >6 	2
 2$7 2$1 23	'2$07 

&
 6ZN2[
(
 230 8<7 2$
(
2 2$1ﬃ23)  ﬀ 1
(
ﬁ® 0 8<1 62$
 

  0	 7  ﬀ )* 8<1 23)k/Z|[

 *+ <
 798<1 23)5 ﬀ'1
(
@
  2 
 2$1 2$ﬂ  
&
2 8<1>
&
*+)1>	   8<7
&
 <* 8
&
8<1ﬃ23)  ﬀ(® 0 8<1 62$kpZ¥['80
0	7 * 8<1 
&
6
 07  8<*@ 6)*/1  ﬀu® 0 8<1>62$ 8<
&
Z:~[ 
(
8<0	
&
  
 	1 * 8<1ﬃ23)  ﬀu® 0 8<1>62$  
   0 8
&)(
*/2$r f;=<F>ﬃDFcDsaYEHBC>
_HcGTQ\XK\DBCGnaYGJD?\gqgh\XBPc_NLfQF_HOFUZ ¤ﬂ¤W[uGTDFQFcgh>BP<\i`GTD ke:c_
GJDFEHBP\DFi`>k?<F\Eﬁ_H>
i
>`DBPKJLlvp>`>
D]F_Hc]/cEC>`QlBPc\Xi`B(>`GJBC<F>
_@vLl>
DF<F\DFi
GJDFUf® aYi
\XBP>`DFGTDh]F<FcEH]F<FcXa
_NLsKj\XBCGTcDZwGT<FKJgl\D?D>`B@\KrJk|}}¥[ﬀc_mvL]F_CcghcBCGTDFUﬃi
\QF<F>`_CGJDﬂaYgq>
QFGT\XBP>`Qd\QF<F>`ECGJcD¯Z\]ﬂa
GnB\D?c2IsGﬃi>`BM\KrJk|X}}ª['r wOF_ﬃghcsQF>`K]F_CcIsGTQ?>
EM\OFEC>e:OFKmBPcscKﬀBPczGJDI>
ENBPGTU\XBP>BP<?>
EC>dgq>
i<ﬂa
\XDFGTEHghEwcXeﬁ\Xi`BPGJcD\Ew^@>
KJKm\EwBPc>'Aﬂ]FKTc_H>EP\Xe:>`KJL­\KJBC>
_CDF\XBPGnI>BC<F>
_C\]p>`O?BPGJifB\_HU>`BCE¤^{GJBC<FGTD
BC<F>ﬃRSDBEHGTUDF\KTKJGTDFU\DFQi\QF<?>
_CGJDﬂaYgq>
Q?Gj\XBC>
Qz\QF<?>
ECGJcD]\XBP<^ﬁ\LﬂE`r
RSDBlECGTUD\KTKJGTDFU¢Q?>
]/>
DFQFEhDFcBhcDFKnL cD BC<F>¦gqcKT>`i
OFKT\_i
cgh]/cDF>`DBCEhGJD ﬀGJUFr~Ł\DFQ©cD
BC<F>w]F_H>
EH>
DFi`>ﬃce4RSDB(ey\i`BCc_CE@GTDlBC<F>w>'AﬂBC_P\i`>
KJKTOFKT\_">
DIsGT_CcDFgh>`DB?GnBﬁGJE@BCGTU<BPKnLdi
cDBC_CcKJKT>
Q
vLSEH>`I>`_P\KKT\L>
_HE¯ce_C>`UOFKT\XBPGJcD rﬁWYDSBP<?> DOFi`KT>`OFE
k=e:c_>'AF\Xgh]FKJ>kﬁBC<F>]F_CcXBP>
GJD ¡ﬁ<?GTvFvL
i
\D­i`cgh]/>`BC>M^{GnBP<¯;¬¡(mV "e:c_¬® aYi\!BP>
D?GTDvFGTDFQ?GTDFU¦Zy;6\>`gl\X_CO¦>Bﬃ\KrJk/|X}}|['rWYD¦BP<F>
>'AsBP_P\Xi
>
KJKTOFKT\_q>
DIsGT_CcDFgh>`DBk"RSDBGTDF<FGJvFGJBCc_HLey\Xi`BPc_¯Z RSWb8a2[Z£¬ECGJ>
< >Bz\Krnk{[k
¡ﬁ>`_Cv/>
_HOFEZmGJi
i
cKTc>`Bl\Krnk=[\DFQ ¡ﬁcsi
c Zxﬁ>`KTK=>B\KrJku|X}}¥[fi\XD \DB\XUcDFGJEC>zRSDB
EHGTUDF\KTKJGTDFUvLlEC>`sO?>
EHBC>
_HGTDFUqRSDB=ey\Xi`BPc_CE
r ¯c_C>`cI>
_`kEC>
i`_C>BP>
Q¦_CGT`
KJ>
Qﬂat_C>
KT\XBP>`Ql]F_HcBP>`GTDFE
Zy«¬"EP[ i\DMvFGTD?QRSDB8ey\i`BCc_CE`k2\E4^ﬁ>`KTK\E4e:c_HghGJDFU(GJDF>
_NBi
cgq]FKT>'Aﬂ>
E^{GJBP<M_CGJ
`KT>
QhZ 	cDF>
E
\XDFQ 	cgh\_HL/km|X}}|ﬂ
ﬁ
 _H>
D >`Bq\KrJkﬀ|}}}[k6\DFQEH>
i
_H>`BC>
Q wGJic]?e¬]F_HcBP>`GTDFEi\D GTD?<FGTvFGnB
«¬uVª \DFQGTDFQFO?i
>zGJBCEhﬃ_H>
gq>
Dﬂatgh>`QFGj\XBC>
Q _C>`ghcIX\Kﬁe:_Hcg¨BC<F>¯i`>
KJK=gh>`gfvF_P\XDF>Z
¦\c
>B8\Krnk|X}}?v k|}}|[rﬃ>
D?>`BPGJi"\KJBC>
_C\XBPGJcDFEGJDﬃEC>I>
_C\KceBP<F>`EC>"gqcﬂQFO?Kj\XBCc_CEpceﬂRSDB8\iBPGnIﬂGnBYL
<F\I>­v/>
>
D Q?>`BP>`i`BC>
Q GTD <OFgl\XD©i\XDFi
>`_CEZ:>r UFrﬁxﬁ\i
cŁ>`B\XKr¬Z|X}}~['@£¬cKTi`cgfv/>¯>B\XKr
Z|}}|[ﬂOF
O?sG?>`Bu\KrFZ|}}~[H[rwOF_gqcﬂQ?>
K?i
\Dv/>(>AsBP>`DFQF>`QqBCcﬃEHBPO?Q?LBC<F>
EH>=]F<F>
D?cgh>`D\?r
OF_NBP<F>`_Cgqc_C>XkFe:>
>`QFv\iKTcsc]FE{>AﬂGJEHBk/\E{BP<?>>'A?]?_C>
EHECGJcD­ceﬀECcgq>MRSDBi
cgq]/cDF>
DBCE¤\D?Q
gqcsQFOFKj\!BPc_HEGTEm_H>
UOFKT\XBP>`QdvLRSDBuEHGTUD\XKTKTGJDFUZ:>r UFrﬀGJKj\KJGs>B@\KrFZ|}}|[ﬃcDF
\KT>`ab?\DFi<Fc
>Bu\KrFZ|}}~\[' 	<Fc>Bu\Kr?Z|}}|[ 4>
OFDFU>Bu\KrFZ|}}|[C['rﬂ>I>`_P\K<OFgh\Ddi\D?i
>
_"i`>
KTKﬂKTGJDF>
E
EH<Fc^ RSDBHatgh>`QFGj\!BP>
Q\iBPGnI\!BPGTcDce
%
 
  !
>Aﬂ]F_C>`ECEHGTcD kF^{<?GTi<UGJI>
E{_CGJEC>wBPcd\DF>`U\XBCGJI>
e:>`>
QFvF\iKJcﬂc]i\X]\vFKJ>@ceFQFc^{DF_C>`UOFKj\!BPGTD?U® aYi
\XBP>`DFGTDKT>I>
KJE
r!;=<FGTE8gq>
i<\D?GTECg i
\Df>\XECGTKnL
v/>¤GJDFi
c_C]/c_P\XBC>
QhGTDBPcfcOF_@gqcsQF>
Kkﬂ\XEﬁGTKJKTOFENBP_C\XBP>`QhGJDﬀGJUFr}?rRS<F>
DBC<F>¤e:>`>
QFv\XihKJcﬂc]hGTE
\Xi`BPGnI>XkBP<F>¬KT>I>
KcXe4\iBPGJI>{wu¡ ]F_HcBP>`GTDq<\EmBPcey\KTKﬂQF_P\XEHBPGJi\KJKJLMBPc\i<FGJ>`I>\ECOFvFENB\DBCGj\K
>o>`i`BcDBP\_CU>`BMU>
D?>h>'A?]?_C>
EHECGJcD r;=<F>lcvFEC>`_HIX\XBPGJcD¢BP<\!BRSDBMECGJUD\KJKTGTD?U\DFQ
%
 
  !
|
>'Aﬂ]F_C>`ECECGJcD\_C>dDFcBGJDI\X_CGj\XvFKJLKTGJDF>`QZ
	<Fcz>B\XKrnk4|}}|ﬂ 4>
O?DFUz>`B\Krnk4|X}}|[EHOFUU>`EHBCE
BC<\XBzi`>
_HBP\GTDSi`>
KTKJEi\DSEN^{GJBPi< cDSBP<F>\2A?GJD|Łe:>
>`QFv\iaYKJcﬂc]SBCc _C>
Q?OFi
>BP<F>¢Q?OF_P\XBCGTcD
\XDFQ¦GJDBC>
DFEHGJBYLzce6BP<F>ﬃRSDBw_H>
EH]pcD?EC>MOFDFQF>`_¤i
>`_HBP\GTDi
GJ_Ci
O?ghENB\DFi`>
E`rpOF_NBP<F>`__H>
EH>\_Hi<­GTE
D?>
>
Q?>
QŁBCc¯QF>`>
]/>
D cOF_O?DFQF>
_HEHBP\DFQFGJDFU¦ce@BP<F>q_CcKT>ce@BP<FGJEMe:>`>
QFv\Xi KJcﬂc] k GJBCE]pcEHECGJvFKT>
ENLsDF>
_HUL^{GJBC<cBP<F>`_mKTcsc]FE`k\DFQdGnBPEGJgh]/c_HBP\DFi`>ﬁ_C>`Kj\XBCGJI>(BPcﬃcBC<F>
_e:>`>
QFv\Xigh>`i<\DFGJECgqE
r
wOF_ﬁECGTgOFKj\XBCGTcD?E@\XDFQEHBC>\Q?LlEHBP\XBP>ﬃ\XD\KJLsEHGTEﬁEHOFUU>`EHB=BC<\XB(GnB(GJEﬁDFcB(]pcEHECGJvFKT>¬BPcfQFGJECi`_CGTga
GJD\XBC>ﬃvp>BY^ﬁ>`>
D r W(\XDFQ r WCWuvLzgh>
\ECO?_CGTD?UU>
DF>>'A?]?_C>
EHECGJcD­\KJcDF>XrF£c^@>`I>
_
k/vLgq>\!a
EHOF_CGJDFUM<Fc^SﬀaYi\XQF<F>
_HGTDqKT>I>
KJE"i<\DFU>{e:cKJKTc^{GTDFU\ﬃRSDBuEHBPGJgfOFKJOFE
kGnB"gl\Lv/>{]pcEHECGJvFKT>=BPc
Q?GTEHBCGTDFUOFGTEH<lv/>`BY^@>
>
D r Wu\DFQ r WCW ﬂGTDl]F\_HBCGTi
O?Kj\_`ksGJDlBP<?>w\vFEH>
DFi`>ﬃce4RSDBHatgh>`QFGj\XBC>
Qﬀa
i
\QF<F>`_CGJD_C>`]F_C>`ECEHGTcD k!\{_C>`QFOFi`BCGTcDGTDhZ:BCcB\XK [ ﬀaYi
\QF<F>`_CGTDKT>I>
KJE4e:cKTKJc2^{GJDFU{\=RSDB6EHBCGTgfO?KTOFE
GJEi
cDFECGJEHBP>`DBm^{GJBP< r WCWcD?KJLr!¤D?cBP<F>`_mQF>`BC>
iB\vFKJ>=QFGJop>
_H>
DFi`>(v/>`BY^@>
>
DdBP<?>(BY^ﬁc<Ls]pcBC<F>a
EH>
Eﬃgh\L¯v/>f_H>`I>
\KT>`Q¢vL­gq>\EHOF_CGJDFUli`>
KTKsi
>`KTK8\QF<?>
ECGJcDZyc_BPcXB\K6ﬀaYi\XQF<F>
_HGTD¢KJ>`I>`KTEP[¬GTD
¤u¡



i`>
KTKJE
r  ¬DFQF>`_ r WBP<F>`_C>zGTEfD?c i<F\DFU>zGTDi`>
KJKsi`>
KTKﬁ\QF<F>`ECGJcD kﬀ^{<F>`_C>
\EhO?DFQF>
_
r WCW@GJB=Q?>
i
_H>\EH>
E¤\E=BP<F>ﬃRSDB¬EHBPGJgfOFKJOFE=GTDFi`_C>
\EC>`E
r
;=<?>"^@c_HwcDﬃRSDB6EHGTUDF\KTKJGTDFU@\DFQMi
>`KTKi
>
KJK\XQF<F>
EHGTcD]F_H>
EH>
DBP>`QfGTDwBC<FGTE4]\X]p>`_ ^(\Ei
\_C_HGT>
Q
cO?B(\XEﬁ]\_NBﬁcXeBP<?>

61  <* 8<1ﬃ2%$<  23)7  ZyWbx=[m>atECi
GJ>
DFi`>w]F_HcH>
iBﬃZ 
		
ﬀﬂﬁﬃ !"!#$
!%$&'(*)+,	['ks^{<FGJi<fGTEvF_HGTDFUGTDFU{BPcU>`BP<?>
_8i
cgq]FO?BC>
_8ECi
GJ>
DBPGJEHBCE
k!ghcsQF>
KJKT>`_CE
\XDFQz>Aﬂ]p>`_CGJgh>`DBP\K_H>
EH>\_Hi<F>
_HE¬BCcvFOFGTKJQz\IsGT_HBCO\Kp<F>\_NB¬\DFQz\gfOFKnBPGJECi\XKT>¬ghcsQF>
KpceBP<F>
D?c_Cgh\KF\XDFQl\Xvp>`_C_P\XDB"GJDBP>
ENBPGJDF>rﬀAﬂGTENBPGJDFUghcsQF>
KJEﬀe:c_mi`cKTc_H>
iB\KFi
\DFi`>
_u\_C>=KT\_CU>
KJLMI>`_HL
EHGTgq]FKT>M\D?Q¦U>`DF>
_C\KTKnLe:cﬂi`OFEcD­\hEHGTDFUKT>BPGTgq>M\DFQ¯KT>
D?UBP<¯ECi\XKT>lZ:e:c_\h_H>`IsGT>^kpEH>
>u\XD
4>`>
O^ﬁ>`Df>`B6\KrZ|X}}ª[H[r;=<F>"Wbx \]F]F_Hc\i< k2GJDFEHBC>\Q k\GTgqE BPc{GTDBC>
U_C\XBP>mQF>`ECi`_CGT]ﬂBPGTcDFEceF\XKTK
KJ>`I>
KTE@cec_HU\DFGJEP\XBCGTcDde:_Ccg gqcKT>`i
OFKJ>¬BCcBPGJECEHOF>rﬂ£>`DFi
>Xk?BP<F>¤]F_C>`EC>
D?i
>ﬃce4RSDB(U_P\QFGJ>
DBPE
\XKTcDFUdBP<?>i
_NLs]?Bﬃ\!AﬂGJE¬^@cOFKJQ­QF>`BC>
_HghGJDF>EH]\XBCGj\KJKJLaYQF>`]p>`DFQF>`DB¬_C\XBP>`E¤cemU>
DF>>Aﬂ]F_C>`ECEHGTcD k
i`>
KJKw]F_CcKTGJe:>`_P\XBCGTcDkﬁ\Q?<F>
EHGTcD kﬁQFGJop>
_H>
DBPGT\XBPGJcD kﬁgqGTU_P\XBCGTcD©\DFQSQF>\!BP< Zyi`ebr=M\EH]\_z\D?Q
csQFQF>MZ|}}~[H[rc_C>`c2I>
_`kRSDB@ECGJUD\KJKTGTD?Uw\DFQdi`>
KTKsi
>`KTK\XQF<F>
EHGTcDq\_H>{GTDIcKnI>`QhQFGJ_C>`i`BPKnL
GJD i
cKTc_H>
i`BP\K{i\D?i
>
_¢Zy>r UFrﬁ«\QﬂBP>­\DFQS¡ﬁKJ>`I>`_CEZ|}}[C[r"EGTKJKTOFENBP_P\!BP>
QvL©]?_CcU_H>
EHE
GJD©QF>I>`KTc]FGJDFUŁgOFKJBCGTECi
\KT>zgqcﬂQ?>
KTE¯Z:>r UFr@Kj\_Hi cD >`B\Kr¬Z|}}~[' cvFKJ> Z|}}|["«{GTvFv\
>Bz\Kr¤Z|}}ª[C[k"GJDBC>
U_C\XBPGJDFUBC<F>­<FGJ>
_C\_Ci<L ce]F_Ccsi
>`ECEH>
Ecsi
i
O?_C_CGJDFU\XBlQFGJop>
_H>
DBKJ>`I>
KTE
cXec_HU\DFGJEP\XBCGTcD©<\EBP<F>\XQ?IX\DB\U>ce\KJKTc^{GTD?U _C>`EC>\X_Ci<F>`_CE¯BCc GTDI>`EHBPGJU\XBC>¢]pcEHECGJvFKT>
GJDBP>
_C\i`BCGTcD?E4vp>BY^ﬁ>`>
DfEHOFi<]F_Hcﬂi`>
EHEC>
E`k!BCci`cgfvFGJDF>mvFGJcﬂi<F>`ghGJi\Kk`<?GTEHBCcKTcUGTi
\K\XDFQi`KTGJDFGTi
\K
QF\XB\?ks\D?QqBCcBP>`EHB@QF_CO?UE 2$ 2$7 230	cDdBP<?>¤EHLsENBP>
g \E@\M^{<?cKT>XrRŁ><Fc]/>{BC<\XBuBP<F>¬i
O?_C_C>`DB
gqcsQF>
K _H>
]F_H>
EH>
DBPE¤\^@c_NBP<^{<FGTKJ>i
cDBP_HGTvFOﬂBPGTcDBPcqECOFi<¯QF>`I>
KTc]Fgh>`DBPE
r
7.-4-1/ ﬁﬂ3  s-p.
R>lBC<\DF ¯c<F\ghgh\QWYKJL\XEe:c_<F>
KJ]?e:OFKuQFGTEHi
OFEHECGTcDFE\v/cO?BMRSDBECGJUD\KJKTGTD?Uz\DFQ BY^@c
\XDFcDLsghcO?E@_H>`e:>
_H>
>`Eue:c_mBC<F>
GJ_ui`cgqgh>`DBCE
rR>¬\KTEHcMU_P\XBC>`e:OFKJKJL\XisD?c2^{KJ>
QFU>¬BC<F>EHOF]F]/c_HB
]?_CcIsGTQF>`Q¯vLBP<?>"u?«=¡ Z«¤V |}|¥V}?2['r
|ª
   s-6389
	

&
7  
,8<1ﬃ23),
QFc]?BCGTDFUBC<F>Me:O?DFi`BCGTcD\XKe:c_CgqE{EC]/>
i`G >`Q¯GJD¯;6\vFKJ>|e:c_56 ﬁZ4 fkg9:9;9
kp|X~['kFcOF_{gqcﬂQ?>
K
i
\Dvp>ﬃ^{_CGnBCBC>
D\E¬\EHLsEHBC>
g ce _CENBHaYc_CQF>`_¬D?cDFKTGJDF>\X_  ﬃ"E{\XE{e:cKTKTc^{E`r

wu¡uatgh>`QFGj\XBC>
QQF>
U_P\Q\!BPGTcDceﬀ® ati\XBC>
DFGJD
QM 

O
WXQ<="v?x M 
O
 Z  x=Z

[
P
 x
	Z

[H[:M 

O
k
Q
M 
O
WXQ ="v?:G U?x M 
O
  GﬃZ

[:M 
OwP
 x 	 Z

[:M 

O
k
Q M 

O
WXQ ="
z

M 

O
M ut
O
M ut
OwP
R x
 

M 

O
r

¡@LBPc]?Kj\EHghGJiﬃ®4ati\XBC>
DFGJD
Q M '
O
WXQ ="v?A
P

A /#M /
O<P

A
ﬂ
M '21
O
 Z ?A /#M 
OP
?A
ﬂ
M 
OwP

A4[:M '
O


z0)Z

["M '
O
M '
O<P
R*)

z

M 

O
M '
O
M ut
OwP
R x
k
Q
M )
O
WXQ ="

z0)'Z

[:M '
O
M '
OP
R )
P

A
ﬂ
M )41
O
 Z ?A
ﬂ
M 
OP

A4[:M )
O

z

M 

O
M )
O
M ut
OwP
Ryx
r

ﬀaYi
\QF<F>`_CGTDsaYgq>
QFGT\XBP>`Qi`>
KJKsi`>
KTK\QF<F>`ECGJcD
Q
M 
O
W!Q = v? /
P

A /#M /
O
 Z ?A /#M '
OP

/ ["M 
O
k
Q M /
O
W!Q = v?A /mM '
O
M 
O


A /XM /
O
r

;8_P\DFEHi
_HGT]?BCGTcDzce8RSDBHatBP\_CU>`B¬U>
D?>
E
Q
M 
O
W!Q = v?
ﬂHP

A
ﬂ
M 
ﬂO
 Z ?A
ﬂ
M ut
O<P

ﬂ
["M 
O
k
Q M '
1
O
W!Q = v?A
ﬂ
M '
O
M 
O


A
ﬂ
M '
1
O
k
Q
M )41
O
W!Q = v?A
ﬂ
M )
O
M 
O


A
ﬂ
M )1
O
k
Q
M 
O
W!Q = 
?;JIM 
ﬂO
M 
ﬂOwP
R
ﬂ


JIM 
O
r
WYDBP<?>q>`O\XBPGJcDFEM\v/cI>k0M ut
O
FM )
OQP
M '
O
\D?Q M 
ﬂO
DM )41
OQP
M ' 1
O
r4;=<F>qEHLsgfv/cKTE
? 4Q?>
DFcBC>ﬃEHLsDBP<F>`ECGJEV\EHEC>`gfvFKJLl_P\XBC>
E=ce4BC<F>wEHOFvFEHBC_P\XBC>VXi`cgq]FKT>'AGTD?QFGTi
\XBP>`Q\E(EHOFvFEHi
_CGJ]?Br
sGTgqGTKj\X_CKJLk

=\D?Q 

"QF>`DFcBC>QF>
U_C\Q\XBCGTcDVXQFGTEHECcsi
GT\XBPGJcDVXGJDF<FGTv?GJBPGncD­_C\XBP>`E
r6;=<F>EHLsgfv/cK

z )_C>`]F_C>`EC>`DBCElBP<?>¯;"Ls_NaY]?<FcEC]?<Fc_HLsKT\XBPGJcD _C\XBP>ce¤c]p>`Dﬂate:c_Cg ® aYi
\XBP>`DFGTDr"ﬀGTD\XKTKJLkﬃz

GTE
BC<F>f_C\XBP>fcXe@ﬂ>
_PVX;=<F_Nat]F<FcEH]F<Fc_NLsKj\XBCGTcD¯ceu®4ati\XBC>
DFGJD¦vLBP<F>fQ?>
EHBC_COFiBPGJcD¢i
cgq]FKJ>Aprp;=<?>
| 
ENLsgfvpcKTEﬁi
\_C_NLsGTDFUf<F\XBPEZ  x@k  x 	  G \XDFQ

z0)N[u\_C>¤BC<FcEH>¤^{<FGTi<gh\LdI\X_HLqGTD_H>
EH]pcD?EC>wBPc
\RSDBEHGTUDF\Kr4£{Ls]pcBC<F>
EHGTE r Wi
c_H_C>`EC]/cDFQFEMBPc

z0)Z

[  z )w\DFQ <Ls]pcBC<F>
EHGTE r WHW¤BPc

z )Z

[  z0)8e:c_

 }ﬂrs;8cf\X_C_CGnI>\XBuBP<F>i
cDFi`KTOFEHGTcD?E@]F_H>
EH>
DBP>`QGJDqBC<F>¤gh\GJDdBC>AsBk^@>
<F\I>w\EHECOFgq>
QhBP<\XB  xﬁk  x 	
 G©\XDFQ

z0)ﬀ\_C>¬GTDFi`_C>
\ECGJDFUMe:O?DFi`BCGTcDFEuce

rsc_"ECGJgh]?KTGTi`GJBYLk
BC<F>ﬃRSDBHaYQ?>
]/>
DFQF>`DB¤e:OFDFiBPGJcDFE=OFEH>
Q¦GJDBP<F>ECGJgfOFKT\XBPGJcDFE(\X_C>KTGJDF>\_ 
 xﬁZ

[   x
P 
x

k  x
	Z

["  x 	
P 
x 	

k
 GwZ

[   G
P 
G

k

z0)'Z

[ Uz0)
P 
)

k
^{GnBP<
 
)k
 
x@k
 
x 	Xk4\XDFQ
 
G D?cDﬂaYD?>
U\XBCGJI>]\_P\Xgh>BP>
_HE
r KTK6ECGTgOFKj\XBCGTcD?E¬^@>
_H>q]/>
_Ne:c_Cgq>
Q
O?ECGTD?U
	
8<1
(
 8<1ﬃ230 8 E¬DOFgq>
_CGJi\K ﬃECcKnI>`_!"ﬁFr

62$1ﬃ2 8<7ﬀ0	)
&
2$1ﬃ23), 8<
&
,8<* 8 1 * $)8<7 
 	
Ewgq>
DBPGJcDF>
Q¢]?_C>`IsGJcOFECKnLk/BP<F>fGJDF>`BCGTii`cﬂ>ﬃqi
GT>`DBPE\DFQ¢i`cDFi`>
DBP_C\XBPGJcDFEwce"BC<F>fi
cgh]/cXa
D?>
DBPEuceBP<F>=RSDB"]\XBC<^(\Lq\_H>=Kj\_HU>
KnLO?DFDFc^{D\DFQq\_H>=KTGJ>
KnLBCcﬃI\X_HLfO?DFQF>
_"QFGno>`_C>`DB
i`cDFQFGnBPGJcDFE@\DFQ\XghcD?UQFGno>`_C>
DB@EC]/>
i`GT>
E(\DFQli`>
KJKpKJGTDF>`E
rWYDhBC<FGTE@]\]/>
_
ks\EH>`Bﬁce4v\EH>
KJGTDF>
]F\_P\gq>`BC>
_ﬁIX\KJOF>
EMZ:;ﬀ\XvFKT>wrJ[ﬁ<\E=v/>
>
Dzi<FcEC>
DGTDc_CQF>`_(BPcGTKJKTOFENBP_C\XBP>¬BP<F>ﬃgqcﬂQ?>
K E(v/>a
<F\IsGJcOF_=U_C\]F<FGJi\KJKJLrWtB{GJE(GTgq]pc_HB\XDB@BPcDFcXBP>wBP<F\XB=BP<F>ﬃi<?cGTi`>ﬃce6BC<F>
EH>ﬃI\XKTOF>`E(QFcs>
E{DFcB
\!o>`i`B{BP<F>U>`DF>
_C\K4i
cDFi
KJOFECGJcDFE(e:_Ccg cOF_=gh\XBP<?>
gh\XBPGJi\K\D\KnLﬂEHGTE`r
;=<?> I\XKTOF>`E¦e:c_¯BC<F> gqcﬂQ?>
KM]\_P\Xgh>BP>
_HE­<\I>v/>
>`D i<FcEC>`D v\EC>`Q cD BP<F>e:cKTKJc2^{GJDFU
]?_C>
gqGTEH>
E`r

¤KJK]\_C\gq>`BP>`_CE¬\_H>MD?cDﬂaYD?>
U\XBCGJI>r

;=<F>mBPcBP\Ki`cDFi`>
DBP_C\XBPGJcDcXe?\2A?GJDGTE4_C>`Kj\XBCGJI>
KJLKTc^ 8M 
SgS
OCP
M 

SgS
O
ghGJDZ M 
SgS
O
k
	

M 
SgS

O
k
M 
SgS
O
[ﬁe:c_   7
ﬁ
7
ﬁ ﬂ
7 7 
ﬂ
7ﬃ!r

® aYi\!BP>
D?GTDw<\XE\{<?GTU<F>`_4\qDFGnBYL¤e:c_4\XQF<F>
EHGTcDgqcKT>`i
OFKJ>
EBC<\Dwe:c_pBP_P\XDFECi`_CGT]ﬂBPGTcDﬃghcKJ>
i`OFKT>`E 
?A /ﬂ ?A
ﬂ
\XDFQ

A / 

A
ﬂ
r

¡ﬁcgq]FKT>'A\EHEC>
gvFKJL?VXQFGJECEHcﬂi`Gj\XBCGTcDwGJDF>`BCGTi
E\X_C>mey\EHBC>
_ BC<\DM]F_CcBC>
GJDBCOF_CD?c2I>
_]F_Hcﬂi`>
ECEH>
E 
?A /6k

A / gl\!A Z-? /kﬃ?Aﬀk

/k

A4[(\DFQ?A
ﬂ
k

A
ﬂ
 gh\!A Z ?Aﬀkﬃ?
ﬂ
k

Aﬀk

ﬂ
['r

;=<F>M_P\XBC>McXe® aYi
\XBP>`DFGTD>
KJGTgqGTD\XBCGTcDqIsGj\BP<F>MQF>
ENBP_HOFi`BCGTcD¯i
cgq]FKT>'AzGTE=<?GTU<F>`_=BP<\DBP<F>
_P\XBC>ﬃce6®4ati\XBC>
DFGJDz]F_CcBC>
GJDzBCOF_CD?c2I>
_ 




Aﬀr

WYDBC<F>\vFEC>`DFi
>ceﬀRSDB
k/gqcENB® ati\XBC>
DFGJDGJE{KTcsi\XBC>
QGTD\QF<F>`ECGJcD¦i`cgh]?KT>Aﬂ>`E XM 
SgS
/
O

	

M 
SgS

O
e:c_ 
ﬁ
7
ﬁﬃﬂ
7 7 
ﬂ
7ﬃ!r

WYDﬃBP<F>u\vFEH>
DFi`>@cXeﬂRSDBkBC<F>"KT>I>
KcXeﬂBP\_CU>B]F_CcXBP>
GJDGTE4KTc^ M 
SgS
O
 ghGJDZ M 
SgS
O
k
	

M 
SgS

O
k
M 
SgS
O
[ﬁe:c_   7
ﬁ
7
ﬁ ﬂ
7 7 
ﬂ
7ﬃ!r

;=<F>KT>I>
K4cXeﬀ;"Ls_NaY]?<FcEC]?<Fc_HLsKT\XBPGJcDzGTE(DF>`UKTGJUGTv?KJLqKTc^ GTDBP<?>\XvFEC>`DFi
>Mce8RSDB 8z0) }?k
M 
SgS
)
O
 }ﬂk
M 
SgS
)41
O
 }?r
|
,2$1 2%$ 2$1 8<8<7  2 
ﬃGJI>
D\(I\X_CGj\XvFKT>   \DFQM\DMGTDFGnBPGj\XK!]/cGJDB	z  Z
z

7;9;9:9"7z

[?k`BP<F>"DFc_Hgl\XKTGTEH>
Q
_H>
KT\XBPGnI>ﬃEC>`DFECGnBPGnIﬂGnBYLle:OFD?i`BPGJcD
 bZ  ["
z 
 Z
z/[

 

z 
Zz/[
i<F\_P\iBP>`_CGTEH>
E4BP<?>uKJcﬂi
\KEH>
DFEHGJBCGJIsGJBYLce fBCc=QF>`IsGT\XBPGJcDFE cesBP<?>m]\_P\Xgh>BP>
_Bz  e:_Ccg GJBPEGTDFGnBPGj\XK
IX\KJOF>z uZ  87:9;9;9%74['rﬂR>w<\I>ﬃOFEH>
QBP<?GTE@BC>
i<FD?GTOF>wBPcd\XECEC>`ECE(BC<F>ﬃQF>
]/>
D?QF>
DFi`>ce4BP<F>
>`OFGTKJGTvF_HGTOFg EHcKTOﬂBPGTcDlOF]/cDlBC<F>¤gqcﬂQ?>
K/]\_P\Xgh>BP>
_HE
rs;=<F>¤IX\KJOF>cXe  bZ  [mi\Dv/>¤_HcOFU<FKnL
GJDBP>
_H]F_C>BP>`Qz\E@e:cKJKTc^{E
rWte  bZ [  kBP<?>
D­2§ i<\D?U>¤GJD z  _H>
EHOFKJBCEﬁGTD\]F]F_HcAﬂGJgl\XBC>
KnL
§ i<\DFU>MGJDBP<F>ﬃIX\KJOF>ﬃce 6rFWteﬀ  bZ  [	  kFBP<F>ﬃENLsEHBP>`g GTE=KT>`ECE{EC>`DFECGnBPGnI>ﬃBPcIX\_CGT\XBPGJcD
GJDBP<FGJE=]\_HBCGTi`OFKj\_ﬁ]\_P\Xgh>BP>
_`r
;=<?>ENBP>\XQ?LEHBP\XBP>EHcKTO?BCGTcD ZymsE`rjZ|¥[
Z¥~[C[(i\Dv/>ﬃECi\XKT>
Q¯\E=e:cKJKTc^{E 


  

S
 z

M 

S
O
W8?Aﬀk

  !  
S
W<? 

/mM 
S
O
W8? /8k

 

!


S
W<?



G M 
S
O
W8?:Gk

/+ ﬁﬃﬂﬁ

ﬂ
 
ﬂ
 

ﬂ



S
/

"! #$!
%
!
%
#$!
M 
S
/
O
k

ut5 
S
t
W


vM 
S
t
O
WpRyx@k

  !ﬀ 
S
W<? ﬀ 

ﬂ
M 
S
O
W

ﬂ
k



 !


S




M 
S

O
W8?Aﬀk

'
1
 ﬁ'&
 
&
 

&
 

S
' 1

ﬃ#
1

1
%
#
1
%
1
M 
S
'21
O
k

'	3
S
'
W


M 
S
'
O
WpRyxﬁk

)
1

ﬁ
&
 
&
 

&


S
)
1

ﬃ#
1

1
%
#
1
%
1
M 
S
)
1
O
k

) 
S
)
W


vM 
S
)
O
W\Ryxﬁk

  !


S


JIM 
S
O
W8?;J"r
Wte6^ﬁ>DFc^ QF> D?>
z

 ?

W

!


%)(+*-,
%
#

ﬃ.
k z



#
) 

z0) W8?A6k
z
;


ﬁ
	
 

ZN
P

ﬁ

	

ﬁ

["


(
%
.
Zb
P

ﬃ.
	

.
[k z
+


) W


 R*) WpRyxuk
z
ﬁ
 !)




AjRyxW8?Aﬀk z
'

ﬁ
&

&
 

&
 
&




#
1

10/ 1
%
#
1
%
1
/
.
k
BC<F>
DzBP<?>MEHi\KJ>
QEHBC>\Q?LatEHB\!BP>MECcKJO?BPGJcDz\v/c2I>_C>
Q?OFi
>`EBPc
|

 Uz

W?ZN
P
z
;
[k

  k

  z
;
W?ZN
P
z
;
[k

/+

'
k

ut5 


*


x
=
 


*


x	

=  *
; * 
k

  k





ut


W?Z

ut
P
[k

' 1*

'
k

'	
 


*


 *

=

 


*


 *
 

= 

 *
;


k

)41*

)k

)

ut 

'
k

 

ut
WFZ

ut
P
z
'
['k
^{GnBP<   z
ﬁ
P


3WFZ

ut
P
2['r?E=\f_C>`ECOFKnBkﬂBC<F>wDOFgfv/>
_ﬁce8]\_P\Xgh>BP>
_HE(<\Eﬁvp>`>
Dz_C>`QFOFi
>`Q
e:_Hcg |}¤GJDfmE
rTZ|¥[
Z¥X~[BCcwcDFKnLªﬂ!BC<FGTE6ECGTgq]FKJG >`E8>`DFc_HghcO?ECKJLMcO?_ﬀEC>`DFECGnBPGnIﬂGnBYL\D\KnLﬂEHGTE
cXe6BC<F>EHLsEHBC>
gkBC<F>_C>`ECOFKnBPE{ce8^{<FGTi<¯\_C>]F_H>
EH>
DBP>`Q¦GTDz;6\vFKJ>Mr$|sr
WYD;ﬀ\XvFKT>qr |ﬂk BP<?>hGJDFGJBCGj\K8I\XKTOF>`E z @i
c_C_C>`EC]/cDFQ BPc¯BC<F>dRSDB   co=EHBP\XBP>qGTD ;ﬀ\XvFKT>drnk
>'Aﬂi
>
]ﬂBMe:c_ z



#
). }}?r;=<?>dIX\KJOF>fce z

<\XEﬃvp>`>
D GTDFi`_C>\XEC>
QEHGTUDFG i\XDBCKJLe:c_¤BC<FGTE
\XD\KJLsEHGTEv/>
i
\OFEH>
#
)  }Zy;6\vFKJ>lrJ2[ﬃ^ﬁcOFKTQ GJgh]?KJL 

Z  [ } 7  6r ¯c_H>
cI>`_
kEHgl\KJK
IX\KJOF>
EcXe
#
)^@cOFKJQ _H>
EHOFKJBzGJD ECgh\KTK¬I\XKTOF>`Ece

)l\D?Q k(i
cDFEC>`sO?>
DBPKnLk  YZ

)N[q^@cOFKJQ
]?_CcIsGTQF>M_C>`Kj\XBCGJI>ﬃi<F\DFU>`E¬BCcl\IX\KTOF>ﬃBC<\XB{GTE{i`KTcEH>BCch`>
_HcFr¤gqcDFUBP<F>GJgh]FKJGTi
\XBPGJcDFEﬁcXe
BC<F>

YZ  [@IX\KJOF>
E{GTDBC<F>ﬃB\v?KT>\v/cI>k^@>ﬃ^ﬁcO?KTQKTGTX>wBPcd<FGJU<FKTGJU<BﬁBC<F>ﬃe:cKTKJc2^{GJDFU 




Z
S
t
[	  

;
Z

ut[	 k^{<FGTi<qECO?]F]pc_HBPE"BP<?>¬<Ls]/cBP<F>`ECGJEuBC<\XBui<\DFU>
EuGTDq\!AﬂGTDd>Aﬂ]F_H>
Eba
ECGJcDz<\I>\dENBP_HcDFU>`_¬>o>`i`B{BP<F\D¯i<F\DFU>`EGJD¤u¡ >Aﬂ]F_H>
EHECGTcD 



Z


S
ﬂ
[


Z

[ }ﬂkpGJD­\U_H>
>`gh>`DB^{GJBC<­cOF_¬i
cD?i
KTO?ECGTcD¦BP<\!B¤GnB¤GJE¤DFcB]/cECEHGTvFKJ>BPc
QFGTEHi
_HGTgqGTD\XBC>¤v/>`BY^@>
>`D r Wﬁ\DFQ r WCWﬁvF\EC>`Q¦cDzKTcDFUXatBC>
_Hg U>`DF>M>Aﬂ]F_C>`ECEHGTcD¯\KTcDF>

i<\DFU>
EﬀGJDﬀati\QF<?>
_CGJD>'A?]?_C>
EHECGJcDzZyGr >Xri<\DFU>
EGJDs? /q\DFQ ? `[4QFc¤DFcXBﬀ\!o>`i`BﬀBC<F>"I\XKTOF>
ce

YZ

ut [kGJDd\U_H>
>
gq>
DB^{GnBP<cO?_]F_C>`QFGTiBPGJcDBP<F\XBi<\XDFU>
E"GJDﬀaYi\XQF<F>
_HGTD>'A?]?_C>
EHECGJcD
QFcdDFcB\Xop>
iB=BP<F>EHBC>\QﬂLatEHBP\XBP>MKT>I>
K4cXeﬀiLsBCc]FKT\ECgqGTiﬃ® aYi
\XBP>`DFGTD

\EﬃBP<F>h>
DBP_HGT>`EGJD;6\vFKJ>qr$|z\_H>l\KJK"\XBMghcEHB dZN2[wGTD gh\UDFGnBPOFQF>XkBP<?>hENLﬂENBP>`gQFcs>
E
DFcB{>'A?<?GTvFGnB{>AsBP_H>
gq>MEH>
DFEHGJBCGJIsGJBYLBCcq\DLECGJDFUKT>ﬃ]F\_P\gq>`BC>
_`r
	

&
7  1 ,23) ﬀ )* 
 138<61ﬀ® 0 8<1 62$
;=<?>gqcﬂQ?>
Kﬃi\XD >\XECGTKnL v/>>'AsBP>
D?QF>
Q BCc GJDFi
KJOFQF>gfO?BP\DBc]p>`Dﬂate:c_Cg ® aYi
\XBP>`DFGTDk '
k
^{<?GTi<vp>`<\I>
EqGTQ?>
DBPGJi\KJKJL BPc¢^{GTKJQﬂatBYLs]/>c]/>
Dﬂae:c_Cg®4ati\XBC>
DFGJD k"'`k>Aﬂi
>`]?Bqe:c_vp>`GTDFU
_H>
EHGTEHBP\DBmBPcﬃ¤@¡uatgh>`QFGj\!BP>
QQ?>
U_C\Q\XBCGTcD r!;=<F>`EC>=BY^ﬁc]/cﬂcKTEﬀcXepc]p>`Dﬂate:c_Hg ® ati\XBC>
DFGJD\_C>
D?cBwGJDFQF>
]/>
D?QF>
DBk \EBC<F>`L¯i
cgq]/>`BP>Me:c_¤v?GTDFQFGJDFUhBCc\QF<?>
ECGJcD­gqcKT>`i
OFKJ>
E`k/BC_P\DFEHi
_HGT]?BCGTcD
gqcKJ>
i
O?KT>
E¬\D?Q¯;"Ls_NaYGJD\EC>`E
rp£>`DFi
>Xk/BC<F>>'AsBP>
D?QF>
Q­>`O\XBPGJcDFE{e:c_   e:_H>
>X/iLBPc]FKT\ECgqGTiﬃ® a
i
\XBP>`DFGTD¯\_H>
¥}
Q M '
O
WXQ<=  Zb 4[ ?A
P
 A /#M /
O<P
 A
ﬂ
M '21
O
 Z ?A /#M 
OP
?A
ﬂ
M 
OwP
 A4[:M '
O


z0)%M '
O
M '
OwP
M  '
OwP
R )

z

M 

O
M '
O
M ut
OwP
R x
k
QM )
O
WXQ<= 

z0) M '
O
M '
O<P
M  '
O<P
R*)
P
 A
ﬂ
M )41
O
SZ ?A
ﬂ
M 
OP
 A4[:M )
O

z

M 

O
M )
O
M ut
OwP
Ryx
k
Q M  '
O
WXQ<=  
?A
P
 A /mM  /
OwP
 A
ﬂ
M  '21
O
 Z ?A /mM 
OwP
?A
ﬂ
M 
OwP
 A4["M  '
O


z0)%M  '
O
M '
OwP
M  '
OwP
R )
k
Q
M  )
O
WXQ<= 

z0)%M  '
O
M '
O<P
M  '
O<P
R*)
P
 A
ﬂ
M  )41
O
 Z ?A
ﬂ
M 
OP
 A4[:M  )
O
k
^{<?>
_C>BP<F>¯EHLsgfv/cKTE  ¤QF>
D?cBP>BP<F>gfO?BP\DBl>`sO?GJIX\KT>`DBPEqce tr";=<F>]\_C\gq>`BP>`_  GTE
BP\>`D BPc¢\XQFc]?BBP<F>qI\XKTOF>`E ﬀ }¯GJD DFc_Hgl\K"i`>
KTKJE
k ﬀ } 9 GTDi
>`KTKTEM^{GJBC<ŁgfO?BP\XBPGJcDFE
GJD\ECGTD?UKT>®4ati\XBC>
DFGJD\KTKJ>
KJ>kp\DFQ   dGTD¢QFcOFvFKT>gO?B\DBCE
k GJgh]FKnLsGTDFUqBP<\XB¤BP<F>BP<?_C>
>
i`>
KJK/BYLs]/>
E=EC<F\_C>¬BP<F>wEC\gq>BPcXB\K/KT>I>
K/ce® aYi
\XBP>`DFGTDh>Aﬂ]F_H>
ECEHGTcDrFWte;uLs_baY]F<FcEC]F<Fc_HLsKj\XBCGTcD
Q?cﬂ>`E¬D?cB¬EP\XBCOF_P\XBC>qZyGr >XrGJe M '
OwP
M  '
O
 R )ﬁGJDBP<F>>`sOF\XBPGJcDFE¬\v/c2I>['kBC<F>
DzBP<?>M>`OFGna
KJGTvF_HGTOFgSIX\KTO?>
E4e:c_4BP<F>">'AﬂBC>
DFQ?>
QfgqcﬂQ?>
Ki\XDv/>"i\KJi
OFKT\XBP>`Q\DF\KJLBPGJi\KJKJLk
\EEH<Fc^{Dv/>
KTc^r

  _H>
>XF^{GTKTQsatBYLs]p>\XDFQ¯gO?B\DB{c]/>
Dsate:c_Hg ® aYi
\XBP>`DFGTD

S
'
ZN  [

!)
P

#
)

)
P


S

S
t
P

 
 

k

S
' 
 qZ!)
P

#
) W

)Y[


r

;8cB\K   e:_C>`>F^{GJKTQﬂaBYLﬂ]/>\DFQgfO?BP\DB{® aYi\!BP>
D?GTD

S
t


ZN	   !



,

S
[
P

Zb	   ! )


,

S
[
;
P
~ !

ZN  [



WFZ|ﬃ!)Y[k

S
t
	 
W!

r

;8cB\K BC_P\D?ECi
_HGT]?BCGTcDz\XDFQ¦\XQF<F>
EHGTcDi
cgh]FKJ>Aﬂ>
E
Z BP_C\DFECi`_CGJ]?BPGJcDzi
cgq]FKT>'Aﬂ>
E[
S
 ? ﬀ ? )ﬀNZ 
S
t
P

S
t
[ W!ﬀtk
Z\QF<?>
ECGJcDi
cgq]FKT>'Aﬂ>
E[
S
 ?  ? )XZ 
S
'
P

S
'
[ WFZ! !)['r
;=<?>
EC>M>
O\!BPGTcDFE{<\I>Mvp>`>
D¦O?EC>
QGTDBC<F>ECGTgOFKj\XBCGTcD?EﬁEC<?c2^{D¯GTDﬀGJUFr ﬂr
¥?
 3s0s-87  
³X?B=@C_Yb=>TãVFbT[K>N<=@COT³FbT
­
§DK
±J±B=@CD§@TdJFbTMl/aZfg±B=@CD§@Tã³FbTl=O¬}YZ=@COTãj/FbT ÁOÃ>Ãi·QFp
®
K
§g=O9JaZ9Ga«fKk§DK
CD;>=@§
©{A>C)§Dh<=/N<?\a &QNWab§DaZ9 U±JC_A>§g=OK>fgAi¬=x±WK
§DhUPKO]>FBcRE¯[)` d<F ÁOÎ^T\´i·
Ãi· ^´>Ä
¿
½<F
³X?B=@C_Yb=>TOVFbTO[N<§

T
­
FbT
­
§DK
±J±B=@CD§@TŁd<FbT =Oa«fDfDab;<TŁVFbTŁl=O¬Yb=@COT@j/FbTŁVAif
®
hQN<=@§

È^]>T
V5FbTUÁOÃ>Ã½<F³f_fg=O¬5?\Yb]
A>©x§Dh<=
®
K>²JhJ=@C_aZ9 
®
K
§g=O9Ja«9
®
Ai¬±WYb=qºaZ9I.ab§gCDA PXaZ§DhCD=
®
Ai¬?WaZ9JK>9Q§±JCDA>§g=OaZ9Wf@F d<F6%=OY«Y
­.®
aF)ÁO¸^T
´>Î>Â>Â ^´>Î>Î>´^F
³YZK
C
®
Ai9ãTFbTã[R]^C_9<=>TãVFHEGFbTE¯K>aZ9Ja¡Te°FÅlFbT¸
¿>¿
½<F/ AŁPK
C_²JfPh<AiYb=P¡A>CD;iK>9 ¬A.²<=OYZY«aZ9<;}A>©R§DNJ¬AiN<C
;>CDA'P)§DhãFW° CDA>;<FW[abA>±WhQ].f@FWE1AiY¡FJ[aZAiYFWÄ>Â^TW½UÂ.Á U½Q·
¸^F
³Yb?\N&QNJ=@CN&QNJ=>T%xFbTã[CD=ON<È>=OY¡Tp%xFbToK>9G²<=@C/L NJa Ðg§@Tej5FbTM¹a«²JK>Yb;>A<Tã°FbTLK
;>=>TM°FbT
­
YZA>C_f@TB¹RFbTML=Oab§
	K
A<T
%xFÅªFbT ¹JA^²J²J=>Tj/FbT
­
¬}ab§Df@TMj5FbT¸
¿>¿i¸^F4)h<= ÐDNJfg§t¡Cab;ihU§fDab;i9JK>Y«aZ9<;k¬A.²<=OY»M³x°ﬀ% fgAi¬}K
§Da
®
¬!N
§DK
§DabAi9WfK
CD=ﬁfD=OYb=
®
§g=O² ?WK>fD=O²Ai9 KGfD±e=
®
a
®
Yb=@I>=OY)A>©K
®
§DabI
K
§DabAi9 A>©§Dh<=
®
K
§g=O9JaZ9 f_ab;i9JK>YZaZ9J;
®
K>f
®
K>²J=>F\VxNJ¬}K>91EﬁAiYFe¶x=O9ãF Á>Á
TÁOÂ½UÃ \ÁOÂ>Î
¿.F
[K
®
A<T.³FbTQL aZNãT^¶%FbT<¶xAiY«²JaZ9ãTUL FbTQVxK
CDC_aZfOT FbT.³xK
CDAi9JfgAi9ãT
­
FÅ³FbT.¸
¿>¿
½<F<³x9K>N<§gA
®
C_aZ9J=X¬=
®
hWK>9JaZfD¬
©{A>C
®
Ai9Wfg§Dab§DN<§DabI>=ﬁ 9U§±WK
§DhQPKŁ]K
®
§DabI
K
§DabAi9aZ9h^NJ¬}K>9
®
K>9
®
=@C
®
=OYZYZfOF%K>9
®
=@Cu%=OY«Y\Î^T^½UÃi· ^Â
¿iÎ^F
[K
§DY«Yb=>T cXFbTVX=O9W²<=@C_fgAi9ãTd<F FbT[=@;ihQ§g=OYT#V5FbToK>9 ²<=O94[RA>C9ãTE4FHEGF -FbT
­
K>9
®
hJA<T c)FbT VNJY«f@T¶!FbT
Eﬁ=@=OYZ²Ja ÐgÈeTdJFbToj)A>?B=@CD§DfgAi9MT d<FbToK>9 ²<= =@§g=@CaZ9<;<TRE4FbT °#KOPXfDAi9ãT8FbT6%YZ=@I>=@C_f@TV5FbT¸
¿>¿i¸^F8
®
K
§g=O9Ja«9}K>9J²@%¹¤¬}=O²JaZK
§g=
®
=OYZYJ±eAif_ab§DabAi9JaZ9J;xaZ9%§DhJ=XaZ9Q§g=Ofg§DaZ9JK>Y.=@±WaZ§Dh<=OYZaZNJ¬-?^]
®
Ai9U§gCDAiY«YZaZ9<;§Dh<=
=qº.±JCD=OfDf_abAi9A>©c ±WhJ[)Ïco±\h<C_aZ9J[xF%=OYZYÁ>Á>Á
TB¸>Â.Á ^¸>Î>´^F
[R=OhJCD=O9Jf@TRdJFbT ¸
¿>¿iÂ^FﬀXh<=kCDAiYb=1A>©x§Dh<=d 9Q§fDab;i9WK>YZYZaZ9<;¤±WK
§DhQPKŁ]aZ9
®
AiYbA>CD=
®
§DK>YX§DNJ¬A>C_aZ;>=O9<=OfDaZf@F
[abA
®
h<=O¬1F
­
A
®
FﬂC_K>9Wf@FW´>´^T\Îi·
¸ ^Îi·
Â^F
[R=OY«YTJc)FbTBEﬁN	9JA

­
K>9WdUN

K>9ãT.8FbT\³Yb§D¬K>9J9ãT?%xFÅj5FbTAi9Ja
®
K.T\³5FbTe[RCabIK>9WYbAiNãT<³5FÅVFbTe¸
¿>¿i´^F%=OYZYB©tK
§g=
fg±B=
®
a
®
K
§DabAi9K>9J²
®
Ai¬}±e=@§g=O9
®
=ﬁ?^]%A
®
A<T K ¬}K
§g=@C_9JK>YX[E¯°)Tﬀ¶¹7K>9W² 9U§a«9JhJab?WaZ§gA>COF
£x=@I>=OYbA>±W¬}=O9U§5ÁO´
¿.TÁO´>Ä.Á \ÁO´>Ä>Ã^F
[aZ=O9

TWEGFbTe¸
¿>¿iÂ^Fﬂ
®
K
§g=O9WaZ9ã»WK%±WaZI>A>§?e=@§¨PR=@=O9
®
=OYZYMK>²JhJ=OfDabAi9kK>9J²f 9U§fDab;i9JK>YZY«aZ9<;<F%N<CDCOF<[abAiYF
ÁOÂ^TWjxÎ½ QjÎi·QF
[RCK>²JYb=@]>TMj/F
­
FbTp%AŁPXa«9ãTe°FbT[CDA'PX9ãTM³FHEGFbToÁOÃ>Ã>´^Fcº.±JCD=OfDf_abAi9¤A>©6 9U§t_ÁaZ9°ﬀ%ÁO¸
®
=OYZY«fCD=OfDNJYb§Df
aZ9 ¬}A^²JNWYZK
§DabAi9A>©±WYZK
È>A>;iYbA>?Wa«9 K>9J²Gc4
®
K>²Wh<=@C_aZ9GK>9W²GaZ9
®
CD=OK>fD=O²
®
=OYZYZNJY«K
CK>²Wh<=OfDabAi9ãFdJF%=OYZY¡F
[abAiYFMÁO¸>´^T ÁOÄ>Âi· \ÁOÄ>Î>Â^F
[RC_=O¬5?B=
®
ÈeT¹FÅV5FbT
­.®
hUPK
C

j)Ai¬}Ai9J²ãTmFbTR[K
È^È>=@C_f@T)d<FbTﬀ aZYZh<=OYZ¬1T
­
FbTRVxK>¬}¬=@Cf
®
hJ¬aZ²<§@TEGFbT
[abC
®
hJ¬=Oab=@CŁT!-FbT.¸
¿>¿
½<FJcRfDfg=O9Q§DaZK>YWC_AiYb=XA>©["%LÃ`¨¸5a«9§Dh<=fgPXaZ§
®
h?e=@§¨PR=@=O9
®
K
§g=O9WaZ9ÅfK>²Jh<=P
fDaZI>=/K>9J²k§gC_K>9Jf
®
C_ab±J§DabAi9WK>Y\©tNJ9
®
§DaZAi9Jf@FW¶x=O9ãFW£x=@IeFÁOÄ^Te¸>¸>¸>Â ^¸>¸>´
¿.F
[RC_=O¬5?B=
®
ÈeT¹RFÅVFbTj)Aif

K
CabA<TE4FbT[abC
®
hJ¬=OaZ=@COT8-FbT¸
¿>¿iÎ^F[K>YZK>9
®
a«9<;
®
=OYZYxK>²Jh<=Of_abAi9 K>9J² 9U§
fDaZ;i9JK>YZaZ9<;<T^§Dh<=/È>=@]CDAiYZ=A>©p
®
K
§g=O9WaZ9ãF?%NJCDCOFW`x±WaZ9MFJ¶=O9<=@§@FW£x=@I\FÁOÎ^T\Â.ÁC¨Â>Ã^F
[RC_=O9J9JK>9ãTJlFÅj5FbTJ[CDAŁPX9MTW³5FWE4F %xFbTW³±JCOFW¸
¿>¿
½<Fﬂ 9Q§)±JC_A>§g=OaZ9JfaZ9k¬}K>¬¬}K
CD]²J=@I>=OYbA>±W¬=O9Q§XK>9J²
®
K>9
®
=@CŁF\d<FWE¯K>¬}¬}K
CD]ﬁ¶Y«K>9J²k[abAiYFJª=@A>±WYZK>fDaZK}Ã^T Á>ÁOÃ \ÁO´.Á
F
%K>²Jab;iK>9ãT.lFHE4FbT<LaZNãT!FÆ8 FbTJ¸
¿>¿iÎ^F 9Q§fDab;i9JK>Y«aZ9<;<»
®
Ai¬}±WYb=qº<ab§]K
§§Dh<=fDNJCD©{K
®
=>F<d<F%=OYZY
­.®
aFBÁ>ÁOÃ^T
´>Ã>Â U½i¿i¸^F
%KOI
K>YZYZK
CDA<Te¦5FbT
­.®
hWK
#BhJK>NWfg=@COT\[xFbT%h<C_aZfD§gA>©A>C_a¡T\¶!Fe¸
¿>¿i¸^F/%K>²JhJ=@C_aZ9JfK>9J²¯§Dh<=/§DNW¬AiN<CX±WCDA>;>CD=Oft
fDaZAi9ã»<aZf)ab§)K>YZYãa«9kK}fgPXab§
®
h¬%K>9
®
=@CL=@§g§@FÁŁ·
Î^T ÁO¸>´ \ÁO¸>Ä^F
%KOI
K>YZYZaT<L FÅj/FbTWL aZK>9<;<TJ[xF %xFbTÁOÃ>Ã>Ä^FBEﬁN<§DK
;>=O9J=OfDaZf@T<§DNJ¬}A>C_ab;>=O9Ja
®
aZ§]>TJK>9J²1K
±BA>±J§gAif_aZf@»<³XC_=/§Dh<=/¬}a$
§gA
®
h<Ai9W²<C_aZK%aZ9QI>AiYbI>=O²EﬁNJ§@FWj)=Of@Fe´>Ã>Ä^T ÁOÃ ^¸>Î^F
%h<=@I
K>YZYZab=@COT>ªFÅLoFbT
­
A>C_aZK>9<A<T
­
FbTQl/K>9<;<TU£!FÅc)FbT.EﬁK>f_YZaZK>hãTicXFbTUVNMT^¶!FbTUlA^A<TUcXFÅV5FbT.¸
¿>¿iÂ^F^°=@CD§DN<C_?e=O²
9<=ONJCDA>;>=O9<=OfDaZfaZ9§Dh<=K>²JNJYb§#hJab±W±eA
®
K>¬±WNWfMK>fDfgA
®
aZK
§g=O²%PXab§Dh±JCD=OfD=OYZaZ9_ÁR³x¸½UÎ
cG¬!N<§DK
§DabAi9MF
³x¬kF
dJFJ°K
§DhJAiYFÁOÎi·QT ÁOÂ.Á \ÁOÂ>Ã^F
%h<A<Tl(VFbT#[K
=@ÈeT
­
FbT
­
NJ9J;<T EVF¸
¿>¿iÎ^Fp 9U§±WK
§DhQPKŁ]4¬NJ§DK
§DabAi9Jf!fg=OYb=
®
§g=O² ?Q]A>±J§DaZ¬K>Y
®
K
§g=O9Ja«91fDab;i9JK>Y«aZ9<;!©A>C)§DNW¬A>C_ab;>=O9<=Of_aZf@F<¹#c [
­
L=@§g§Â>Ä
¿.Te´>Î>Î>Â ^´>Îi·¿.F
¥|
%h<C_aZfD§gA>©A>C_a¡T<¶!FbTB¸
¿>¿iÎ^F\ª=@P7fDaZ;i9JK>YZf©C_Ai¬§Dh<=5aZ9QI
K>fg=©C_Ai9U§@FWªxK
§DN<CD=5½>½JÁ
TW½>½>½ U½UÂ
¿.F
%h<C_aZfD§gA>©A>C_a¡T¶!FbT
­
=O¬?MTVFbTÁOÃ>Ã>Ã^F)h<=(CDAiYb=(A>©)§Dh<=
®
=OYZY$K>²Jh<=Of_abAi9 ¬}AiYb=
®
NJYb=(c4
®
K>²Jh<=@CaZ9 K>f%K
§DNJ¬}A>CYfDN<±J±WCD=OfDfgA>C;>=O9<=>Fs CD=O9J²Wf)[abA
®
h<=O¬kF
­.®
a¡FW¸½<TB·
´ .·
Î^F
%ab=
®
hWK>9<AŁI>=@COT.³FbT\ÁOÃ>Ã>Ä^F)h<=XNJ?Wa &^NJab§DaZ9 U±WCDA>§g=@AifgAi¬=±WK
§DhQPKŁ]\»J`9±JCDA>§g=OaZ9²<=OK
§DhK>9W²
®
=OYZYJY«ab©=>F
cEﬁ[)` dJFÁŁ·QTe·^ÁOÂ.Á .·^ÁOÎ
¿.F
%YZK
±J±B=@COTQE4FÅLoFbTs%AiNW²<CD]>T^dJFbT%hJK>9<;<T7F %xFbTJ¸
¿>¿
½<F
®
K
§g=O9WaZ9¬=O²Ja«K
§g=O²(f_ab;i9JK>YZaZ9J;<»UK¬}AiYb=
®
NJYZK
C
§DK
CD;>=@§©A>CX=OK
C_Yb]
®
h<=O¬A>±WCD=@I>=O9U§DaZI>=aZ9Q§g=@CDI>=O9Q§DabAi9ãFWE¯N<§@FWj)=OfOF\Â>Â>Â^TeÃi· \Á@¿iÂ^F
%Ai9JK
®@®
a$
­
A>C_CD=OYZYTãEGFbT
­
aZ¬
®
hWK.Te8 FbTã[=O9 o=O²JaZ²Ja«K.TF/FbTM[Y«K
®
hJ¬}K>9MTãdJFbT
­
KOI
K
;i9<=@COTM°FbTM[=O9e=Æ=@IeT
³FR¸
¿>¿i´^F³N<§gA>C_=@;iNJYZK
§DabAi9 A>©c
®
K>²Jh<=@C_a«9=qº^±WCD=OfDfDabAi9 ?Q]
®
K>²Jh<=@CaZ9 
®
K>²Jh<=@CaZ9aZ9U§g=@CK
®
§DabAi9Jf@»
§Dh<=C_AiYb=OfA>© 
®
K
§g=O9JaZ9ﬁfDab;i9JK>YZa«9<;<T
­
YZN<;<T<K>9J²ﬁE¯³x° lF\dJFﬂ%=OYZYã[abAiYFMÁOÎ>´^TBÄ½Q· ^Ä>Âi·QF
£xK'ÐDK>9JaTBj/FbTe¹<C_K>fg=@CŁTecXFbTejXAQ=>T
­
FeE4FbTo=@A<TãE4FbTM¶xAQA.²ãT  FbT?)h<Ai¬±\fgAi9ãT !FbTB£xK>YZ=>T?F %FbT\°=OK
C_YT
L FÅV5FbT.¸
¿>¿i´^F
­
§gC_N
®
§DN<C_K>YJ?WK>fDaZf ©A>CRCD=
®
C_NJab§D¬}=O9U§oA>©ã;iYZ]
®
A>;>=O9fg].9U§DhWK>fg=XÈ.aZ9JK>fg=x´
¯§gA!§Dh<=Kº<aZ9 
³x°ﬀ% f
®
K
#eAiYZ²
®
Ai¬±WYb=qºBFJcRE¯[)` d<FW¸>¸^T\½UÃ½ ^Â
¿<Á
F
£xK>9Wab=OYZf@T.£!FÅLoFbT<coÈ.YbA>©J
­
±WaZ9<ÈeTilFbT =OaZf@T-FÆ8FbTJ¸
¿>¿<Á
F
®
K
§g=O9Ja«9ã»JE1AiYb=
®
NWYZK
C±WYZK>fg§Da
®
aZ§]}K>9J²(²<C_N<;
²<=Of_ab;i9ãFC_=O9J²Jf[abA
®
h<=O¬kF
­.®
aFW¸>Î^T\Îi·
¸ ^Îi·
Ä^F
£xK>9Wab=OYZf@T
£!FÅLoFbT =OaZf@T-FÆ8FbTi¸
¿>¿iÂ^F2
®
K
§g=O9JaZ9²JabC_=
®
§DYb]/²JaZfg±\YZK
®
=Of#¶CDAiN
®
hJAQÏ
)Lc C_=@±JCD=OfDfgA>Cf ©{CDAi¬

®
©¡ÏLM=@©#aZ9f 9U§t¬}=O²JaZK
§g=O²1§gCK>9Jf
®
C_ab±W§DabAi9kK
®
§DabI
K
§DabAi9ãFWªxK
§@F
­
§gCOFWEﬁAiYFW[abAiY¡FMÁO¸^T\´>Î½ ^´i·^Á
F
£xKŁI^a«f@TWEGFÅ³FbTJ8:CD=@§gAi9ãT<j/F %FbTJj)=@].9<AiYZ²Jf@T.³FÅ[FbTe¸
¿>¿i´^FW³
®
A>CD=©tNJ9
®
§DaZAi9©{A>C±ÁO¸
¿

®
K
§g=O9Ja«9ﬁaZ9
®
K>²
h<=@CaZ9(§DN<C_9<A'I>=@COF\d<Fﬂ%=OYZYã[abAiYFMÁOÎ>´^TeÂ>¸>Â ^Â>´½<F
£xa«hJYZ¬}K>9J9MT
­
FbTŁl/Yb=Oa«9ãT
­
FbT'£xA^=@?B=@C_ab§

TE4FHE4FÅlFbT
¸
¿>¿i´^F>jX=O²JN
®
§DabAi95A>©
®
K
§g=O9JaZ9\Ï
m
®
=OYZYU§gCK>9Jf
®
C_ab±
§DabAi9%©tK
®
§gA>CRf_ab;i9JK>YZaZ9J;?^]!K>fD±WabC_aZ9!K>9J²aZ9W²<Ai¬=@§DhJK
®
aZ9%aZf
®
K>NWfg=O²?^]!K>9}a«9
®
CD=OK>fg=O²fg§DK
?\aZYZa

K
§DabAi9
A>©±Wh<Aifg±\h<A>CD].YZK
§g=O²f
®
K
§g=O9JaZ9MF\E1AiY¡Fﬂ%K>9
®
=@C@Xh<=@COFJ¸^T\Â
¿iÃ ^Â.ÁOÎ^F
oK>91c f@TWdJFÅV5FbTWdUKO]>TW°FbT\¶xC_=@;>A>C_ab=P# TJ³5FbToK>9¤¶a ÐD9ãT.E4FÅc)FbTed>Ai9<È.h<=@=@COT
­
FbTJVxK
§

aZf@TJ°FbT)hJaZ=OYb=>T<³5FbT
oK>9 ²J=O9[RA>C9ãToEGFbT [=@;>§Dh<=OY¡ToV5FbT [C_K
?\Yb=@§

TFbT4 K
È>=@§gA<TEGFHE4FbTﬀ%YZ=@I>=@C_f@ToVFbT ¸
¿>¿iÂ^F8 9U§
fDaZ;i9JK>YZYZaZ9J;a«9J²JN
®
=Of¬}K
§DN<C_K
§DabAi9 A>©5°RK>9<=@§Dh
®
=OY«YZfa«9 aZ9Q§g=Ofg§DaZ9JK>Y
®
CD]^±J§Df@FRªxK
§@Fu%=OYZY[aZAiYF·QT
´>Ä.Á ^´>Ä>Î^F
¹JK
;>A>§g§gA<T¹RFbT¹JNJ9JKŁ]iK>¬}K.T#ª5FbT¶YZN
®
ÈeT¦FbT¶NJ¬?WaZ9J=@COTM[xFHEGFbTÁOÃ>Ã>Î^F[aZ9J²WaZ9<;(§gA
®
K>²Jh<=@CaZ9JfK>9
§DK
;>Ai9Ja

=Of§DhJ=!fDaZ;i9JK>YZaZ9<;K
®
§DabI^aZ§]1A>©4
®
K
§g=O9WaZ9²JN<C_aZ9J;Kº.a«fX©{A>C_¬}K
§DabAi9¤aZ9
n@p\v\Ì^
Fãd<F%=OYZY
[abAiYFMÁO´>¸^T Á>Á@¿iÂ \Á>Á>Áq½<F
¹<=OK
CDAi9ãTBc)FÅj5FbT A>;>=OYZfg§g=Oa«9ãTe[xFbTÁOÃ>Ã
¿.FB³ ;>=O9J=@§Da
®
¬A.²<=OY©A>C
®
AiYbA>CD=
®
§DK>Y§DNJ¬A>C_aZ;>=O9<=OfDaZf@Fﬂ%=OYZYÎ.Á
T
·
Â>Ã .·
Îi·QF
¹a«YZK>YZaT>EGFbTX%h<=O9<;<T>ª5FbTQ³X?J?BA>§g§@T>£!FbTULM=@Ai9Q§Dab=@IeT  FbTicR9<;>=OYZhJK
C²<§@Tid<FÅ¹FbTU¸
¿>¿i¸^F! 9U§t¨´
³Ï`
®
K
§g=O9Ja«9
fDaZ;i9JK>YZaZ9<;aZ9J²WN
®
=Of§gC_K>9Jf
®
Cab±J§DabAi9¤©{CDAi¬ §Dh<=L c ¹p_Á±JC_Ai¬A>§g=@COF dJFM[aZAiYFp%h<=O¬kF¸i·>·QT#´>´>´>Ã>Ä 
´>´½JÁ@¿.F
¹<A^²W²<=>T^j5FbT.¸
¿>¿i´^FXh<=¬!NJYb§Dab±\Yb=©{NW9
®
§DabAi9JfRA>©M§DNJ¬AiNJCRfDN<±W±JCD=OfDfgA>Cf@»i8:§ÅfK>Y«Y\aZ9³°%xF.ªK
§@Fs%=OYZY¡F
[abAiYFWÂ^T ÁOÃ
¿  \ÁOÃ>¸^F
¹<A^²W²<=>T\j5FbT
­
¬}aZ§Df@TWj/FbT%Yb=@I>=@C_fOT\VFbTB¸
¿>¿<Á
FB³°%xT\f_ab;i9JK>YM§gCK>9JfD²JN
®
§DaZAi91K>9J²1;>=O9J=@§Da
®
a«9Jfg§DK
?WaZY«ab§]
aZ9
®
AiYZA>CD=
®
§DK>Y
®
K>9
®
=@CŁFWªK
§@Fej)=@IeF?%K>9
®
=@CÁ
T\Â>Â ^Îi·QF
¹<C_a º.=O9ãT¦5FVFK>9J²[R=OhJCD=O9Jf@Tod<F#K>9J²
­
K
®
hJf@T E4F#K>9W²+c ?B=@C_Yb=>To¶!FK>9J² AifDf@To[xFK>9J²¦GK
C_²JK.T
³FãK>9J²LA
®
hW9<=@COTã£!FMK>9J²[aZC
®
hJ¬}=Oab=@COT?7FbToÁOÃ>Ã.Á
Fc
®
K>²Jh<=@C_a«9¬=O²JaZK
§g=O²
®
=OYZY  
®
=OYZY K>²Wh<=OfDabAi9
±JC_=@I>=O9U§DfaZ9UI
K>fDabI>=O9J=OfDfA>©hQNJ¬K>9
®
K
C
®
aZ9<Ai¬}K
®
=OYZYZf@FJd<F %=OYZYF<[abAiYFMÁ>ÁO´^TÁŁ·
´ \ÁOÄ>Â^F
¶K>fg±WK
COT%xFbT\¹JA^²J²J=>Tej5FbTe¸
¿>¿
½<Fã³°% ²<Aif_K
;>==P#B=
®
§DfaZ9k§DNJ¬}A>C_ab;>=O9<=OfDa«fXK>9J²¯fg§g=O¬
®
=OY«Y²Ja$#B=@CD=O9
§DaZK
§DaZAi9ãF<8:9Q§@F\dJFJ£=@IeFW[abAiYF<½UÄ^TB´i·>· ^´>Ä>Î^F
¶aZYb=Of@T.j/FÅVFbT oK>9kc f@TJdJFÅV5FbTs%Yb=@I>=@Cf@T^VFbTJ¸
¿>¿i´^F?%K>N<;ihQ§N<±aZ9K¤ 9U§fg§gA>C¬k» 9Q§fDab;i9JK>YZa«9<;aZ9
®
K>9
®
=@CŁFW[abA
®
hJaZ¬kFJ[abA>±\hU].f@FJ³
®
§DK1ÁOÎ>Â>´^TÁ ^¸½<F
¶xAi9

K>Yb=


­
K>9
®
h<A<Tãd<FHE4FbT\³;iNJaZYb=@CK.T\`!FbTe¶K
C
® 

K.Ted<FHE4FbT\°=O9J²WK>ft¹<C_K>9
®
A<Teª5FbTe°=O9JK.TF%xFbTF%K>YT
­
FbT
¶K
C
® 

K²<=VX=@C_CD=@CDAif@TJ³FbTW[Ai9JaZYZY«K.T^¹FbT\E¯N	9<A

TJ³FbTW¸
¿>¿
½iK.Fﬂ)hJ=  9Q§)K>9U§DK
;>Ai9WaZfg§X£a
®
ÈQÈ>A>±J©J_Á
¥¥
;>=O9<=aZfK1²<A'PX9Jfg§gCD=OK>¬ §DK
CD;>=@§5A>©
®
K
§g=O9Ja«9\Ï
@%¹ K>9J² a«f/²<AŁP9<CD=@;iNJYZK
§g=O²4aZ9 hQNW¬}K>9
®
AiYbAi9
®
K>9
®
=@CŁFe`9
®
A>;>=O9<=!¸½<T Á@¿iÃ>Ä \Á>Á@¿i´^F
¶xAi9

K>Yb=


­
K>9
®
h<A<TMd<FHE4FbTB[RC_=O9J9JK>9ãTelF\j5FbTF%K>fg§g=OYZA
­
A
®@®
aZA<TeL FÅ³5FbTB[CDAŁPX9MTe³FHEGFbTã¸
¿>¿
½>?MF  9U§
±JC_A>§g=OaZ9Jf5a«9J²JN
®
=}£aZfDhJ=@I>=OYZYb=O²G±\h<Aifg±Wh<A>C_]^YZK
§DaZAi9 I^a«KﬁK>9+L° jxÂiÏ
Îﬁa«9J²<=@±B=O9J²<=O9Q§/¬=
®
hWK>9JaZfD¬kT
abC_CD=Ofg±B=
®
§DabI>=A>©#§Dh<=OabC)K
?WaZY«ab§]§gAfg§DK
?WaZY«a

=(
®
K
§g=O9JaZ9ãFeE1AiYFﬂ%=OYZYFJ[abAiYFW¸½<TJ½Q·
Âi· U½Q·
Î>Ä^F
¶xA>§g§DK
C_²JaTs%xFHdJFbTW¶NJ¬?WaZ9<=@COT^[xFHEGFbTW¸
¿>¿
½<FJ£aZfg§Da«9
®
§¬}AiYb=
®
NJYZK
C©{A>C_¬}fRA>©/
®
K
§g=O9Ja«9kK
CD=§DK
CD;>=@§g=O²
§gAK>²Wh<=OfDabI>=A>C)§gCK>9Jf
®
C_ab±W§DabAi9JK>Y
®
Ai¬±WYb=qº.=Of@F\dJFﬂ%=OYZYã[abAiYFMÁOÎi·QTB´>´>Ã ^´½UÃ^F
¶xA>§g§DK
C_²JaTﬂ%FHd<FbT Ai9<;<TWcXFbT\¶NJ¬?WaZ9<=@CŁT^[xFHE4FbT\¸
¿>¿<Á
F\c
®
K>²Jh<=@C_aZ9fDNJ±J±JCD=OfDfD=Of
®
=OY«YZNJYZK
C§gC_K>9Jfg©{A>CY
¬}K
§DaZAi9 ?^]4aZ9WhJab?Wab§Da«9<;f
®
K
§g=O9JaZ9fDab;i9WK>YZaZ9<;¤aZ9 K>9K>²JhJ=OfDabAi9aZ9W²<=@±B=O9J²<=O9Q§/¬}K>9J9<=@COFd<F%=OYZY
[abAiYFMÁOÂ>´^T Á@¿
½UÃ \Á@¿iÂ>Ã^F
¶xC_K>hJK>¬kTFÅ³FbT>¹<=@CDÈ>=@]>Ti£!FHEGFbTiE¯K
A<Ti¹FbTl/a«¬}¬=OYZ¬}K>9MTŁ£!FbT NãT
7FbT>¸
¿>¿<Á
F2
®
©{½
®
K>9fD±e=
®
a
®
K>YZYb]
CD=
®
A>;i9Wa

={
®
K
§g=O9Ja«9ﬁNJfDa«9<;!K>YZ§g=@C_9JK
§DabI>=
®
Ai9J©A>C_¬K
§DabAi9Jf@FWªxK
§@F
­
§gCŁFJ[aZAiYFWÄ^TÁ@¿
½UÄ \Á@¿iÂ>¸^F
¶xC_K>hJK>¬kTﬂFÅ³5FbTs =OKOI>=@COT%xFbTWE¯K
A<T\¹FbTWl/aZ¬¬=OYZ¬}K>9ãT<£!FbT NãT-FbT\¸
¿>¿>¿.F%CD]^fD§DK>Yãfg§gC_N
®
§DN<C_=A>©
§Dh<= 
®
K
§g=O9JaZ9\Ï

®
©
®
Ai¬±\Yb=qºeF %=OYZY#Á@¿i´^TeÄ>Ä>Â ^Ä>Ã>Î^F
¶NJ¬?WaZ9<=@COTO[xF
EGFbT
¸
¿>¿>¿.FjX=@;iNJYZK
§DabAi95A>©
®
K>²Jh<=@C_aZ95K>²Jh<=OfDabI>=RK
®
§DabI^aZ§]>FdJF
%=OYZYU[aZAiYFUÁq½UÄ^T>´>Ã>Ã U½i¿i´^F
VK.TªF %xFbTﬃAi9<A

NJÈK.TﬃFbT
­
§DK>¬AifOTdJFÅLoFbT%h<AiaT%VFHd<FbTw =OaZf@T¤7FÆ8 FbT¸
¿>¿
½<FEﬁ=
®
hJK>9Ja«fD¬ A>©
±WhJAifg±Wh<A>CD].YZK
§DabAi9²<=@±B=O9J²<=O9Q§ã?WaZ9J²Ja«9<;A>©\³x°ﬀ%4§gA(
®
K
§g=O9JaZ9K>9W²!aZ§Df C_AiYb=a«9¬
®
K
§g=O9WaZ9²<=@;>C_K

²JK
§DaZAi9ãFWE1AiY¡Fﬂ%=OYZYÁOÂ^TeÂ.Á>Á ^Â>¸.Á
F
VK
®
È^¬}K>9MTe³F
­
FbT\¸
¿>¿iÂ^F )h<={ 9Q§XfDab;i9JK>Y«YZaZ9<;%±WK
§DhQPKŁ]1aZ9kCD=@§Da«9JK>YM²<=@;>=O9<=@CK
§DabAi9Jf@FJ8¦x[E¯[ L ab©=
Âi·QT\´>Ä.Á ^´>Ä>Ä^F
VK
CDCaZf@TFHd<F %FbTJ° =OaZ©=@COTJE4FbT\¸
¿>¿iÂ^F\£x=
®
aZf_abAi9Jf@T<²<=
®
aZf_abAi9Jf@»
®
K
§g=O9JaZ9
®
h<A^Aifg=Of)?B=@§¨PR=@=O91K>²Wh<=OfDabAi9
K>9J²§gCK>9Jf
®
C_ab±W§DabAi9ãFC_=O9J²Jfu%=OYZYã[abAiY¡FMÁOÂ^Te¸>´½ ^¸>´i·QF
VX=>T?F %xFbT
­
±\K
CDÈ^fOTJ³5FÅ[xFbTBjXK
;>A<T%xFbTWV=@C_¬=@È.aZ9<;<TWVFbT BKŁPR=OY¡TWLoFbTe²JK%Aifg§DK.TeLoF FbTeE1A>C_a«9ãTW°FHd<FbT
A>;>=OYZfD§g=OaZ9ãTR[xFbTl/aZ9

Yb=@CŁTolF 7FbTÁOÃ>Ã>Ä^F8:²<=O9Q§Da
®
K
§DaZAi9 A>©
®
¨Eﬁ]
®
K>fK4§DK
CD;>=@§(A>©§Dh<=¯³x°ﬀ%
±WK
§DhQPKO]>F
­<®
ab=O9
®
=5¸>Ä.Á
T ÁOÂ
¿iÃ \ÁOÂ.ÁO¸^F
VX=OK>fD¬K>9ãT d<FbTp%C_KOP)©{A>C_²ãTM³FbT¶xAiY«²Jfg§gAi9<=>TMlFbT ¶K
C_9<=@CYVxK>¬C_a
®
È\T ° FbT#¶NJ¬?WaZ9<=@COTB[xFbT E
®
%CD=OK.T
°FbTl/a«9U§D9<=@CŁTp%xFbT ªA>CDA<T%xF %FbT/ ].YZab=>Tp%xFbTÁOÃ>Ã½<F`xI>=@C_=qº^±JC_=OfDfDabAi9 A>©
®
K>²JhJ=@C_aZ9JfK>9J² NJ9J²<=@Cb
=qº.±JCD=OfDf_abAi9¤A>©6
®
K
§g=O9WaZ9 aZ9JhJaZ?Wab§²JA>C_fDK>Y#¬=OfgA.²<=@C_¬ aZ9W²JN
®
§DabAi9¤aZ9¤=OK
C_Yb] 
n@p\v\Ì^
=O¬?JCD]>Aif@F
%=OY«Y·
Ã^Te·
Ã.Á ^Ä
¿i´^F
VX=@C

aZ;<TE4FbT
­
KOI
K
CD=Ofg=>T¹FbTªXA'IK
§
®
h<È>AŁI
K.TEGFbT
­
=O¬?MT#V5FbT8%h<CaZfg§gA>©{A>C_aT¶!Fo¸
¿>¿iÎ^FNJ¬A>C%±JCDA
;>CD=Of_fDabAi9a«9J²JN
®
=O²?Q]§Dh<=xYbAifDfRA>©Mc4
®
K>²JhJ=@C_aZ9a«9J²<=@±B=O9J²<=O9Q§A>©
®
K
§g=O9Ja«9\Ï

®
©J¬=O²JaZK
§g=O² 9U§
fDaZ;i9JK>YZaZ9<;<FJ`9
®
A>;>=O9J=>T Á ^Ã^F
VaZ9
®
ÈeTLoFbTª=OYZfgAi9MT7FHdJFbT °#K
±JÈ>A# TdJFbT ÁOÃ>Ã½<Fp 9Q§t_Á¬A.²JNJY«K
§g=Of
®
=OYZY  
®
=OYZY K>²Jh<=OfDabAi9 a«9G¬}K>¬w
¬}K>Y«aZK>9
®
=OYZYZf/?Q]Gfg§DK
?\aZYZa

aZ9J;
®
K
§g=O9JaZ9G?\aZ9J²JaZ9J;(§gA¯§Dh<=
®
=OY«YoK>²Jh<=OfDaZAi9G±JCDA>§g=Oa«9
®
K>²Jh<=@C_a«9ãFd<F
%=OY«Yã[aZAiYFãÁO¸½<TB·
¸>Ã .·'½JÁ
F
VXAiY
®
Ai¬?B=>T j5F¹FbTE¯K
C_fDhãT dJFLoFbTpGK
§g=@C_¬}K>9ãT#EGFLoFbTLaZ9ãTM¹FbT E¯aZYbA'IK>9JAŁI.a
®
TpFbTpC_NJAi9<;<T/FbT
¸
¿>¿i¸^Fecº.±JCD=OfDfDaZAi9A>© 9U§XY«ab;iK>9J²JfK>9J²k¹C_a


YZ=O²kCD=
®
=@±J§gA>C_fXaZ9
®
AiYbAi9Ja
®
¬!N
®
AifDK}K>9W²1aZ9
®
AiYbAi9
®
K
C
®
a«9<Ai¬}K.F\EﬁAiYFJ°#K
§Dh<AiYF\Â>Â^Te¸>¸
¿  ^¸>¸>Î^F
VfDaZ=OhãT#dJF %xFbTlA.²ÐgK
?\K
®
hJaZK>9MT#L FbTj)=@?J?B=@CD§@TEGFbTojK
§g§D9<=@COTo³FbT
­
¬}K>YZYbPA^A^²ãT°FHEGFbT VxK
CDCD].¬}K>9
­
K>¬}Aif@T%xFbTiªxNJfDfg=>TQj/FbTU£KOPaZ²ãTi8 FÅ[xFbTUªK
§DhWK>9Jf@T^dJFbTJÁOÃ>Ã>Ã^F^³ 9<=@P fg=
®
CD=@§g=O²±JCDA>§g=OaZ9%§DhJK
§R?WaZ9J²Wf
§gA 9Q§)±JCDA>§g=OaZ9WfK>9J²1aZ9JhWab?Wab§DfR§Dh<=OabC)K
®
§DabI.ab§Dab=OfOFJªK
§DN<C_=´>Ã>Ä^TW½U´.Á U½U´>Î^F
VN<?B=@COT
³FÅV5FbT
­
§g=@PK
CD§@Ti£!FÅ[xFbTiLK>N<CD=O9Q§Df@T>£!F  FbT>ª=OYZfgAi9ãT
-FHd<FbT =OaZf@T-FÆ8FbTU¸
¿>¿<Á
FX)h<=
®
K>²Jh<=@C_aZ9
®
]^§gA>±WYZK>fD¬a
®
²JAi¬}K>aZ9aZfNJ9Jfg§gCN
®
§DN<CD=O²(aZ9§Dh<=/K
?Wfg=O9
®
=A>©p
®
K
§g=O9JaZ9ãFJ³ ±BAifDfDab?WYZ=X¬=
®
hWK>9JaZfD¬
©{A>C)CD=@;iNJY«K
§DaZ9<;
®
K>²Jh<=@C_a«9§DN<C_9<A'I>=@COF\d<FJ[abAiY¡Fﬂ%h<=O¬kFW¸i·
Î^TÁO¸>´
¿<Á \ÁO¸>´
¿iÃ^F
VN<?B=@COTM³FÅVFbTp =OaZfOT7FÆ8 FbT¸
¿>¿<Á
F)hJ=fg§gC_N
®
§DNJCD=A>©§Dh<=
®
K
§g=O9WaZ9\Ïc4
®
K>²Wh<=@C_aZ9
®
Ai¬±WYb=qºGK>9J²
§Dh<=/¬}AiYb=
®
NJYZK
C)?\K>fDaZfA>©#²JabI>=@C_fg=/Y«ab;iK>9J²CD=
®
A>;i9JaZ§DabAi9k?^]
®
K
§g=O9WaZ9ãF?%=OY«YÁ@¿iÂ^Te´>Ã.Á U½i¿i¸^F
8:Yb]iK>fOT'EGFbT^ÁOÃ>Ãi·QF`
®
K
§g=O9JaZ9!¬N<§DK
§DaZAi9JfaZ9
®
=OYZYiYZaZ9J=Ofã=Ofg§DK
?WYZa«fDh<=O²©{CDAi¬ h^NJ¬}K>9
®
AiYZA>CD=
®
§DK>Y
®
K>9
®
=@C_f@F
¥~
° CDA
®
FJªxK
§DYFW³
®
K>²ãF
­<®
aFJ¦5F
­
FÅ³5F\Ã½<T Á@¿i´>´
¿  \Á@¿i´>´½<F
8:Yb]iK>fOT'EGFbT¸
¿>¿iÂ^F 9U§fDab;i9JK>YZY«aZ9<;RK>9W²§Dh<= ¬=
®
hJK>9JaZfD§Da
®
?WK>fDaZfBA>©.§DNJ¬}AiN<CM²<=@I>=OYbA>±W¬}=O9U§@F'dJFŁ°#K
§Dh<AiYF
¸
¿iÂ^TÁO´
¿  \Áq½>½<F
diK>¬A>C_K.T%xFbTe¹JN
®
hWf@TecXFbTe¸
¿>¿i¸^FB89U§g=@C
®
=OY«YZNJYZK
CxK>²Jh<=OfDabAi9MTWfDab;i9JK>Y«YZaZ9<;K>9J²¯§Dh<=
®
]^§gAifgÈ>=OYb=@§gAi9MFBªxK
§@F
%=OY«Yã[aZAiYF.½<TÁ@¿<Á \Á@¿iÄ^F
diK>¬A>C_K.T%xFbTe£xK>f ¶N<±J§DK.TBj/FbTelA
®
aZ=O9Jab=@PXfgÈ.aTJ°FbT\¹WN
®
hJfOTecXFbTe¸
¿>¿i´^FãLaZ9JÈ?B=@§P=@=O9fDab;i9JK>YM§gC_K>9Jft
²JN
®
§DabAi9ãTŁ§gCK>9Jf
®
C_ab±W§DabAi9/K>9J²%K>²Jh<=Of_abAi95aZ9=@±Wab§DhJ=OYZaZK>Y>?WNW²5²<=@I>=OYbA>±\¬=O9U§@F
ªxK
§DN<CD=½U¸>¸^Ti´.ÁŁ· ^´>¸>¸^F
d>=O9<=OfgAi9MT\d<FÅ³FbT =Ofg§g=@C_hJA#TeV5F !FbTWl/NJf_hJ¬=@C_a
®
È\TJE4FHd<FbTB¸
¿>¿>¿.F\³ ¬=@§DK
?BAiYZa
®®
Ai9Q§gCDAiYK>9JK>YZ]^fDa«fA>©
È.aZ9<=@§Da
®®
Ai9U§gC_AiYZfaZ9¯³4X° ©CD=@=!=O9<=@CD;>]¯¬=@§DK
?BAiYZaZfD¬ aZ9
®
Ai9Q§gC_K
®
§DaZ9J;fDÈ>=OYb=@§DK>Y¬NWf
®
Yb=>F\³x¬kFãd<F
°RhU].f@FW¸i·
Ã^TeÄ.ÁO´^F
dih<A<T)cXFbT BhJK>9<;<TmFbT£Ai¬}Ai9ãTﬁ%xFbTXdiAQA<T@%xFÅl}FbTX¹<CD=ONJ9W²ãT)d<FÅªFbTﬁ%Aifg§DK>9Q§DaTX¹FbT¸
¿>¿i¸^F@ 9Q§Ï`
®
K
§g=O9Ja«9\Ï

®
©f_ab;i9JK>YZaZ9J;¯aZ9J²WN
®
=Of!§Dh<=§gC_K>9Jf
®
C_aZ±J§DabAi9 A>©x³Xº.a«9W¸^TK¤9J=@;iK
§DabI>=1CD=@;iNJY«K
§gA>CA>©X§Dh<=
fDaZ;i9JK>YZaZ9<;!±WK
§DhQPKŁ]>FeEﬁAiYF?%=OY«YF<[aZAiYFW¸>¸^TÁ>ÁŁ·
¸ \Á>ÁOÄ>´^F
d>Ai9<=Of@T
­
FÅc)FbT diAi¬}K
CD]>Tp%xFbT ¸
¿>¿i¸^F
­
=
®
CD=@§g=O²G¹C_a


Yb=O²¡CD=OYZK
§g=O²G±JCDA>§g=OaZ9JfO»
­
=OK
C
®
hJa«9<;k©A>C5CD=OYZK
§DabAi9
fDhWab±WfK>9J²k±WK
§g§g=@C9Jf@FJ[abAic f_fDKO].f¸½<TBÄ.Á>Á ^Ä>¸
¿.F
l/K
±Wab§DK>9<A'I^a
®
T
­
FbT %K
 
®
=@IeTpFbT³x9Q§Da
®
K.T E4FbTlC_K>Y Ð@TMEGFbT %KOI^C_a
®
T#¶%FbT°#KOI>=OYZa
®
T#lFbT
­
±WKŁI>=O9U§Da¡Tj/FbT
¸
¿>¿iÎ^Fc4#B=
®
§!A>©)aZ9J²<Ai¬=@§DhWK
®
aZ9 Ai9+c4
®
K>²Jh<=@CaZ9GK>9J²¯
®
K
§g=O9JaZ9 =qº.±JCD=OfDfDaZAi94aZ9GVﬁ¨¸>Ã
®
AiYbAi9
®
K>9
®
=@C
®
=OYZYZf@F<coº^±MFWEﬁAiYFW°#K
§Dh<AiY¡F\Ä
¿.T\Ã.Á ^Ã>Î^F
l/ab=OYZ¬}K>9MTE4FÅ¹RFbTojaZ9J²JK
± K K.T#E4FbT ¶K>fg±WK
COT8%xFbT oK>9°A>±J±B=OYT#ª5FbT[CD=ON<È>=OY¡T%FbToK>9 L=@=ONUP=O9ãT
­
FbTFK
È>=@§gA<T EGFHE4FbTMj)A>?B=@CD§DfOT
­
FbT
­
¬ab§Df@T\j5FbTã¹<A^²W²<=>Tãj/FbTM¸
¿>¿i¸^F³x°ﬀ%7¬A.²JNJYZK
§g=Ofx=O¬?JCD]>Ai9Ja
®
fg§g=O¬ﬃ
®
=OYZYM²Ja$#B=@CD=O9Q§DaZK
§DabAi9?^]
®
Ai9Q§gCDAiYZY«aZ9<;§Dh<=/²<Aif_K
;>=5A>©
®
K
§g=O9JaZ9¯fDab;i9JK>YZa«9<;<F<ªK
§@Fe¶=O9ãF\´>¸^T
Â>Ã½ ^Î
¿iÂ^F
l/aZ¬kT<lFHE4FbTW°#K>9<;<TJlFHE4FWcoI
K>9Jf@TWE4FbTJVxKO]>T\cXFÅ£!FbT\¸
¿>¿i¸^FB`xI>=@C_=qº^±JC_=OfDfDabAi9A>©
®
K
§g=O9JaZ9ﬁaZ9J²JN
®
=Of
K
±BA>±J§gAifDa«fRaZ9W²<=@±B=O9J²<=O9Q§ A>©ab§Df§gC_K>9WfDK
®
§DabI
K
§DabAi9©{NW9
®
§DabAi9PXab§Dh(Lc ¹p_ÁA>C§Dh<=aZ9QI>AiYbI>=O¬=O9Q§A>©
¬}K'ÐgA>Cx¶%Á
®
=OYZY
®
]
®
Yb=/CD=@;iNJY«K
§gA>C_f@FWEﬁAiYFW[abAiYFﬂ%=OY«YÁ>Á
TB´>Â
¿iÃ ^´>Â>¸>´^F
l/aZ9

Yb=@CŁT^lFbT A>;>=OY«fg§g=OaZ9ãTJ[xFbTMÁOÃ>Ã>Î^F\L=OfDfgAi9Jf©{CDAi¬h<=@C_=O²Jab§DK
CD]
®
AiYZA>CD=
®
§DK>Y
®
K>9
®
=@CŁFﬂ%=OYZYãÄi·QTÁOÂ>Ã 
ÁŁ·¿.F
l/aZfDhJa«²JK.TMEGFbTVaZ9JA<T
­
FM8 FbTE¯a
®
hWaZN<=>T/FbT  K>¬}K>¬A>§gA<TV5FbTl/aZfDhWaZ²JK.T
­
FbT¹JNJÈ^NJa¡T³5FbT³f_K>fDhJaZ¬}K.T
E4FbTJl/abÈ.N
®
hWaT^³FbTW¸
¿>¿<Á
F
­
]^9<=@C_;iaZfg§Da
®
K
®
§DabI
K
§DabAi9kA>©§Dh<=  9Q§)fDab;i9WK>YZaZ9<;!±WK
§DhQPKŁ](?^]£I.YãK>9J²
®
K>fg=Oa«9kÈ^a«9JK>fg=8

FWd<FJ[abAiY¡Fﬂ%h<=O¬kFW¸i·
Î^TB´>´.Áq½Q· ^´>´.ÁOÂ>Â^F
lAiKO]>TWE4F<³5FbT<[CDAŁP9ãTJEGF<³FbT<¸
¿>¿iÂ^F\¶=O9<=@§Da
®
²JaZfgA>C²<=@C_fRA>©M§Dh<=Lj°RÂ`: 9U§fDab;i9WK>YZYZaZ9<;5±WK
§DhUPKO]
K
#B=
®
§DaZ9<;}§DhJ=/fgÈ>=OYb=@§gAi9ãF?CD=O9W²Jf)E1AiY¡FWE1=O²ãF Á>Á
T ÁO¸>Ã \ÁO´i·QF
lA>C_aZ9<=@ÈeT
!FbT'[K
CDÈ>=@COTª5FbT'EﬁA^=@CD=@COT'°FbTŁ£xAi9JfD=OYZK>K
COT'cXFbTŁVxNJYZf@T'¶!FbT°=@§g=@C_f@T'°F'dJFbT
%Yb=@I>=@Cf@TŁVFbTUÁOÃ>Ã>Ä^F
£x=@±WYb=@§DaZAi95A>©J=@±\ab§Dh<=OYZaZK>YUfg§g=O¬w
®
=OYZY
®
Ai¬±WK
CD§D¬}=O9U§DfaZ95§Dh<=fD¬}K>YZYQaZ9U§g=OfD§DaZ9<= A>©\¬}a
®
=RY«K
®
È.aZ9<;@
®
©n
½<FWªxK
§@Fe¶x=O9MFÁOÃ^T\´i·
Ã ^´>Ä>´^F
lC_K>¬±WfOTﬂFbTe° =@§g=@CŁTM`%FbTe[C_NJ9W9<=@COTWcXFbTeª=OYZYb=O9ãTe£!FbTe¹<C_AQ=Of
®
hãTã[xFbT%hWK
§g§g=@CtÐ=@=>T
­
FbTBEﬁNJCDAi9<=>TãEGFbT
 NWYZYZaZ9<;<T
­
FbT\[K>f_Yb=@COT\l}FbTe¸
¿>¿i¸^F  9Q§Ï` aZ9<;iYb=OfDfxfDab;i9WK>YZaZ9<;CD='&^NJabC_=OfX["%L ÃiÏL=@;iYb=OfDft¬}=O²JaZK
§g=O²
CD=
®
CNJab§D¬=O9Q§DfA>©°o]^;>A>±WNJf§gA}§DhJ=59QN
®
Yb=OK
Cm
®
K
§g=O9JaZ9  X@%¹
®
Ai¬±WYZ=qºeF?%=OYZY#Á@¿iÃ^TW½Q· ^Î
¿.F
Ai9µlC_ab=OfOT%dJF%°FbTﬃ aZ9Q?e=
®
È\T¶!FbT}³xfg?JCK>9J²ãT%xFbT
­.®
hQPK
C

j)Ai¬Ai9J²MTMFbT
­
A
®
hJ9JaZÈ>AŁI
K.T}ª5FbT
£x=OYZY  `CDA<T^³FbT<[=Oh<CD=O9Jf@T<d<FbT<[abC
®
hJ¬=Oab=@CŁT!-FbTW¸
¿>¿>¿.FJVXA>§fg±BA>§DfaZ9
®
K
§g=O9JaZ9(©{A>C)aZ9Q§g=@C_K
®
§DabAi9Jf
PXaZ§DhkLc ¹p_Á
T
®
Ai9W²JN
®
§DaZ9kK>9J²ﬁ³°%xFJªK
§@F
­
§gCOFJ[abAiYF\·QTeÄ
¿>¿  ^Ä
¿U·QF
lC N<;>=@COTij5FbTiVX=Oa«9<C_a
®
hãT>j/FbTQ¸
¿>¿
½<F.E1A.²<=OY<CD=O²WN
®
§DabAi9K>9J²K>9JK>YZ]^fDa«f#A>©\CDA>?\NJfg§D9<=OfDf#©{A>Co§Dh<=u 9Q§Ï`
®
K
§g=O9Ja«91fDab;i9JK>YB§gCK>9JfD²JN
®
§DaZAi9±WK
§DhUPKO]>Fã¶x=O9<Ai¬=58:9<©:FMÁOÂ^T ÁO´>Ä \Áq½UÄ^F
l/N<±WhJK>Y¡T.¹FWK>9W²1[=Oh<CD=O9Jf@Ted<FbTW¸
¿>¿iÎ^FBc4
®
K>²Jh<=@CaZ91¬A.²JNJYZK
§g=Of 9Q§t²<=@±B=O9J²<=O9Q§)§gC_K>9Jf
®
Cab±J§DabAi9kaZ9
®
AiYbA>C_=
®
§DK>Y
®
K>9
®
=@C
®
=OYZYZf?WN<§M²<A^=Of9JA>§ K>Yb§g=@Cp 9Q§taZ9J²<=@±B=O9J²J=O9U§M;>=O9J= =qº.±JCD=OfDfDaZAi9/aZ9 J?WCDA>?WYZK>fg§DfOF
coº^±MFﬂ%=OYZYF<j)=Of@FW´.ÁO¸^T\½UÂi· U½UÎi·QF
LM=@=>T<c)FbT
­
K>YZa
®
T^³5FbT<lC N<;>=@COTQj5FbT^V=OaZ9<Ca
®
hãT^j/FbT.l/abC_f
®
hJ9<=@CŁT^E4F 7FbTJ¸
¿>¿i´^F)h<=xCDAiYb=OfRA>©³x°ﬀ% K>9J²
¥
Kº<aZ91²<=@CabI>=O²©C_Ai¬µ=qº.±e=@CaZ¬=O9Q§DK>YãK>9J²k§Dh<=@A>CD=@§Da
®
K>YK>9JK>Yb].fDaZf)A>©§DhJ=PX9U§X±WK
§DhUPKO]>FB° NJ?MFJLab?F
­.®
a¡F.[abAiY¡FMÁ
TÁ>ÁOÎ \ÁO´>¸^F
oK>9ﬁLM=@=ONQP=O9ãTJ8 FHEGFHE4FbT\[]^C_9<=>TWVFHEGFbTBd>=O9JfD=O9ãT\`!FÅc)FbTJl5aZ9<;<TWd<FÅj5FbT\¸
¿>¿iÎ^F %CD]Q±W§)²<]^9WK>¬}a
®
fK>9J²
®
AiYbA>C_=
®
§DK>Y
®
K>9
®
=@CO»\K>²<IK>9
®
=OfXaZ9k¬}K
§DhJ=O¬}K
§Da
®
K>Y¬}A^²<=OY«YZaZ9<;<F%=OYZYã° CDAiYZab©:F.´>Ã^TÁOÂi· \ÁOÄ.Á
F
LM=ONJ9<;<TdJF !FbT lAiYZYZab;ifOTB¹F FbT/GNãTj/FbT ãhJK>aT !FbT l/NJa
®
È\TMj5FbTVK>9WK>fDhãT
­
FbTp%hJA<TMlFÅj/FbT¹J=OK
CDAi9ãT
cXFÅj/FbT)¸
¿>¿i¸^F)³
®
§DaZIK
§DabAi9 A>©!³  x8ªx¸ =qº.±JCD=OfDfDaZAi9 ?^]
®
K
§g=O9WaZ9 X
®
=OYZYx©tK
®
§gA>COF)³ ©{=@=O²<?WK
®
È
CD=@±WCD=OfDfgA>C±WK
§DhQPKO]kCD=@;iNJY«K
§DaZ9<;w 9Q§f_ab;i9JK>YZYZa«9<;<F^dJFW[abAiYFﬂ%h<=O¬1F<¸i·>·QTB¸.ÁOÎ>Âi· ^¸.ÁOÎ>Î>Â^F
LaT !FbT>8fDhJaZÈKŁPK.T!/FbT^`fDhJa«¬}K.TiEGFbT!K
È>=@§gA<T<EGFHE4FbT^¸
¿>¿iÂ^F)h<=§Dh<CD=Of_h<AiYZ²Yb=@I>=OY<A>©ãK>²<=O9JAi¬}K
§gAiNJf
±BAiYb]^±BAifDaZf
®
AiYZaã±JCDA>§g=Oa«9©A>CX¬}AiNJfg=5aZ9Q§g=Ofg§DaZ9WK>YB§DNJ¬A>C_ab;>=O9J=OfDaZf@Fs%K>9
®
=@Cj)=Of@F\Î>Â^TeÄ>Î>¸>¸ ^Ä>Î>¸i·QF
LaZNãT%xFbTL aT %FbT
­
=O¬=O9<A'I\TEGFbTVxK>9ãTm%FbT[K
=@;<TX¶!FÅVFbT ãhJK>9<;<T #FbTL aZ9ãT  !FbTV=>T  FbT¸
¿>¿i¸^F
%Ai9Q§gCDAiYXA>©=
®
K
§g=O9JaZ9 ±Wh<Aifg±\h<A>CD].YZK
§DabAi9\Ï²<=@;>CK>²JK
§DabAi9?^] K4²JNWK>Y$¡È^a«9JK>fg=1¬=
®
hJK>9JaZfD¬1F%=OYZY
Á@¿iÄ^TBÄ>´i· ^Ä½Q·QF
LaZNãTUdJFbT
­
§g=@I>=O9JfOTQd<FbTUjXA>§g=>T%xFÅ³FbTQ¸
¿>¿<Á
F
­
aZK>h_Á¬}=O²JaZK
§g=Of K59<AŁI>=OYﬂ
®
K
§g=O9JaZ9²<=@;>C_K>²JK
§DaZAi9±WK
§Dh
PKO]kYZaZ9JÈ^aZ9J;±\Â>´!§gA§Dh<=5K>²<=O9<Ai¬K
§gAiNJf)±BAiYb]^±BAifDaZf
®
AiYZaã±JCDA>§g=Oa«9ãFWE1AiY¡Fﬂ%=OYZY·QT\Ä>´i· ^Ä½Q·QF
EﬁK
A<TW[xFbTGK>9<;<TWdJFbTJLaZNMTQ[xFbTJ°#K>9ãT7FbTJ¹WK
CDCOT\¶!FÅVFbTJ¹#Yb]^9W9ãT%FbT  NWK>9ãTJV5FbTK
ÈK>²WK.T
­
FbT<l/aZ¬=OY 
¬}K>9MTU£!FbTQLa¡TiLoFbTQ£!FbTX7FbT.¸
¿>¿<Á@K.F.LAŁPm²J=O9JfDab§¨]%Y«ab±BA>±JCDA>§g=OaZ9%CD=
®
=@±W§gA>CY¡CD=OYZK
§g=O²±JCDA>§g=OaZ9¨Â?WaZ9J²Wf
§gAKº<aZ9kK>9J²1CD=@;iNJYZK
§g=OfX§Dh<=
®
K>9<Ai9Ja
®
K>Y 9Q§XfDab;i9WK>YZYZaZ9<;!±WK
§DhQPKŁ]>FeEﬁAiYF?%=OY«Y·QT\Ä
¿<Á ^Ä
¿iÃ^F
EﬁK
A<Tã[xFbTFGNãTﬂ-FbTB£xKŁI^a«²JfgAi9ãTM¶!FbTãEﬁK
C_hJAiYZ²ãTedJFbTeL aT%FbTãE1=
®
hJYb=@COTB[xFBE4FbTã£=OY«aZNJf@TWVFbTãVXA>±W±e=>T
£!FbT
­
§DK>9J9<=@ÈeTQ°FbTGK>Yb§g=@COT%xFbT<¶YZaZ9<È
K.TU³FbT^ªxab=Oh<C_fOT%xFbT^¸
¿>¿i¸^F<lC_=O¬=O9±WCDA>§g=OaZ9JfRK
CD=x£a
®
ÈQÈ>A>±W©
CD=
®
=@±W§gA>C_f)§DhJK
§XCD=@;iNJYZK
§g=  9U§Ï`
®
K
§g=O9JaZ9¤fDab;i9JK>YZY«aZ9<;<F.ªK
§DN<C_=/½JÁŁ·QTeÎ>Î½ ^Î>Îi·QF
EﬁK
A<To[xFbT GNãT7FbTLa¡T %FbTVA>±J±B=>T#£FbT
­
§DK>9W9<=@È\T#°FbT ¶YZaZ9<È
K.T ³FbTªaZ=Oh<C_f@T4%xFbT#¸
¿>¿<Áq?FoL£L
CD=
®
=@±W§gA>CY¡CD=OYZK
§g=O²ﬁ±JCDA>§g=OaZ91Îa«f)K%CD=
®
=@±J§gA>C©A>CX£a
®
ÈQÈ>A>±W©±JCDA>§g=OaZ9JfOF.ªxK
§DN<CD=5½JÁ>Á
Te´>¸.Á ^´>¸>Â^F
EﬁK
CD;iNWYZaZf@Te³5FBK>9J² BhJK>9<;<Tﬂ7FãK>9J²¤³xYb§tVXAiY«YZK>9J²ãTe³5FãK>9J²%C_KŁP)©A>C²ãT\VF %xFãK>9J²¤¹JNJfg=O9JaZ;<TeªFÅc)F
K>9J² ¶K
CYZa
®
ÈeTod<FÅ³FbT ¸
¿>¿iÂ^FRc
®
K>²Jh<=@C_aZ9+fDN<±W±JCD=OfDfDaZAi9 K
®@®
=OYb=@CK
§g=Offb&^NJK>¬AiNJf
®
=OY«Y
®
K
C
®
aZ9<Ai¬}K
±JC_A>;>CD=OfDfDabAi9ka«9§Dh<CD=@=P²JaZ¬}=O9JfDabAi9JK>Y¡T^h^NJ¬}K>9k§Da«fDfDN<=
®
Ai9Jfg§gCN
®
§Df@F?%K>9
®
=@Cj)=OfOFWÎ>Â^T ÁŁ·
Ä>´ \ÁŁ·
Ã.Á
F
EﬁK
§DfDN

KOPK.T
­
FÆ8FbTUjX=@=O²ãT^dJF %xFbTQ¸
¿>¿<Á
F
­
aZK>h_Á
T
­
8:°XTUK>9J²}c ?Wa
®
AiYZY«K
?eA>CK
§g=XaZ9}K/9JAŁI>=OY\±WK
§DhUPKO]©A>C

®
K
§g=O9WaZ91²<=@;>C_K>²WK
§DabAi9ﬁYZa«9<È>=O²(§gA}±\Â>´%CD=OfD±eAi9Wfg=Of@FWEﬁAiYFﬂ%=OYZY·QT\Ã.ÁOÂ ^Ã>¸>Î^F
EﬁaZY«Yb=@COTJd<FÅj5FbTW¸
¿>¿i¸^F?)hJ=  9Q§Df@Fe¶x=O9JAi¬=5[abAiYFW´^T\´
¿>¿<Á
FZÁ ^´
¿>¿<Á
FZÁOÂ^F
E1A^Ai9ãTãj/F FbTã[AŁP=@C_¬}K>9MTB[xFbTM[AiN<§gCDAifOTãE4FbTã°=@CDC_aZ¬Ai9MT\ªFbTã¸
¿>¿i¸^Fp)h<=!±JCDAi¬}aZfD=K>9J²¯±B=@C_aZYZfXA>©
 9U§fDab;i9JK>YZa«9<;§DhJCDAiN<;ih
®
K
§g=O9WaZ9ãF
­.®
aZ=O9
®
=5´.Á
TÁOÎ½>½ \ÁOÎ½UÎ^F
E1A>C_a«9ãTM°FHd<FbT
­
±\K
CDÈ^fOTM³5FÅ[xFbT l/A>C_aZ9<=@ÈeT  FbT[K
C_È>=@COTªFbT A>;>=OYZfg§g=OaZ9MT [xFbTl/aZ9

Yb=@COTãlF -FbT ÁOÃ>Ãi·QF
³
®
§DabI
K
§DabAi9A>©ﬁ
®
K
§g=O9JaZ9 Xﬁ%¹ fDab;i9JK>YZa«9<;¤a«9
®
AiYbAi9
®
K>9
®
=@C?Q]+¬N<§DK
§DaZAi9Jf}aZ9­
®
K
§g=O9WaZ9A>C
³x°ﬀ%xF
­<®
ab=O9
®
=5¸i·
Â^T ÁŁ·
Äi· \ÁŁ·
Ã
¿.F
ªX=OYZfDAi9ãT/-FHd<FbTªNJf_fg=>T j5FbT¸
¿>¿
½<F8%Ai9QI>=@CD;>=O9
®
=(A>©m 9Q§@Tp
®
K
§g=O9JaZ9ãTK>9J²
®
K>²Wh<=@C_aZ9 ±\K
§DhUPKO].f@F
­.®
aZ=O9
®
=5´
¿i´^T Áq½UÄ>´ \Áq½UÄi·QF
ªXA>?WYZ=>TJ£FbTW¸
¿>¿i¸^FBE1A.²<=OYZa«9<;§DhJ=/h<=OK
CD§  ©{CDAi¬ ;>=O9<=Of§gA
®
=OYZYB§gA§Dh<=PXh<AiYb=A>CD;iK>9ãF
­<®
ab=O9
®
=5¸>Ã>Â^T
ÁOÎi·
Ä`_ÁOÎ>Ä>¸^F
ªXA'I

K
ÈeTW[xFbT ].fgAi9ãTJdJFHd<FbTJ¸
¿>¿
½<FW³ ¬}A^²<=OYe©{A>CCD=Ofg§gC_a
®
§DabAi9(±eAia«9U§
®
Ai9U§gC_AiYãA>©§Dh<=¬}K>¬¬}K>YZaZK>9
®
=OYZY
®
]
®
Yb=>F\dJF)h<=@A>COFJ[abAiYFW¸>´
¿.TBÂ>Î>´ ^Âi·
Ã^F
ªNJf_fDYb=OaZ9 AiY«hJK
C_²ãT?%FbTs ab=Of
®
hWK>NJf@TBc)FbT#ÁOÃ>Ä
¿.FEﬁN<§DK
§DaZAi9JfK
#e=
®
§DaZ9J;(fg=@;i¬}=O9U§9^NJ¬5?B=@CK>9J²¯±eA
YZK
Cab§](aZ9
5sv@vWzU~{by
FãªK
§DN<C_=¸>Äi·QTB·
Ã>Â ^Ä
¿<Á
F
`

KOPK.TWEGFbTJ[K
C_aZ?WK>NJYb§@T^V5FbT<l=O¬}YZ=@COT^j5FbTãÁOÃ>Ä>Ã^Fs)h<=
®
]Q§gA>±\YZK>fD¬}a
®
²<Ai¬}K>a«9A>© §Dh<=
®
=OYZY\K>²Wh<=OfDabAi9
¬AiYZ=
®
NJYb=N<I>Ai¬A>C_NWYZaZ9K>fDfgA
®
aZK
§g=Of)Pab§Dh(§Dh<CD=@=5aZ9W²<=@±B=O9J²<=O9Q§R±JC_A>§g=OaZ9Jffg§gC_N
®
§DN<C_K>YZYb]CD=OYZK
§g=O²1aZ9
²Ja #e=@CD=O9Q§fg±B=
®
ab=Of@FJcEﬁ[)` dJFWÄ^TÁŁ·^Á>Á \ÁŁ·^ÁŁ·QF
° =@C_=

¨E1A>CD=O9JA<TXEGFbT)diK>¬}A>C_K.Tu%xFbT¹WN
®
hJfOTcXFbT¸
¿>¿i´^F
­
§Da
®
È^] ?WNJfDa«9<=OfDf@»oA>C
®
h<=Ofg§gCK
§DaZ9<;
®
=OYZYZNJYZK
C
fDaZ;i9JK>YZfK
§XK>²JhJ=@CD=O9Jf ÐDNJ9
®
§DabAi9JfOF%=OYZYÁ>ÁO¸^TeÂ>´>Â ^Â½UÄ^F
° =@CYT³FÅlF#K>9J²¦ a«Yb;>=O9U?\NJf@T °F#K>9J²£K>hJYT#¦5F#K>9J²
­
=O¬?MT VFK>9J²­%h<C_aZfg§gA>©{A>C_aT#¶!FbTÁOÃ>Ã>Ä^Fo³
¥ª
®K>NJf_K>Y CDAiYZ=}©A>C%c4
®
K>²Wh<=@C_aZ9 aZ9G§Dh<=§gC_K>9JfDaZ§DabAi9G©{CDAi¬ K>²J=O9<Ai¬}K¯§gA
®
K
C
®
a«9<Ai¬}K.F ªxK
§DN<CD=k´>Ã>¸^T
ÁOÃ
¿  \ÁOÃ>´^F
° a
®@®
AiYbA<T
­
FbT³X;ia«NJf@TcXFbT(L=@]^9Wf@TL FbT([hJK
§g§DK
®
hJK
CD]^]iK.T
­
FbT1¶xC_NJ9

T(V5FbT[AiNUP¬=@=Ofg§g=@COTFbT
£x=kj)A>?B=@CD§DaZfOTcXFHEGFbT)ÁOÃ>Ã>Ã^F8Xh<=(hJ=OK>²aZ9J²JN
®
=@C%=@CD?B=@C_NWf5aZf%K¬NWYb§Dab©tNJ9
®
§DabAi9JK>YRK>9U§DK
;>Ai9WaZfg§
A>©#ªXA.²JK>YTJ[E¯° K>9W²kPX9Q§)fDab;i9JK>YZfOF.ªxK
§DN<CD=!´>Ãi·QTB·¿U· .·^Á@¿.F
° A>È.N<§g§DK.T
­
FbT2 =OaZfOT!-FU8 FbT^¸
¿>¿>¿.F
­
§gC_N
®
§DN<C_=)A>©B§Dh<=²Ja«¬=@C_a

K
§DabAi9K>9W²
®
K
§g=O9Ja«9¡?WaZ9J²WaZ9<;CD=@;iabAi9
A>© 	
®
K
§g=O9WaZ9ãF\EﬁAiYF?%=OY«YMÂ^T\Â>´>´ ^Â½U´^F
° AiY«K
È^aZfOT °FbTÁOÃ>Ã>Ã^F4)hJ=Ai9
®
A>;>=O9Ja
®
K
®
§DabI
K
§DabAi9+A>©m
®
K
§g=O9Ja«9ãF4%N<CDCD=O9Q§!`x±Wa«9JabAi9 ¶x=O9MF £x=@I\FoÃ^T
ÁOÂ ^¸.Á
F
jXK>²<§gÈ>=>T ¹FbT6%YZ=@I>=@C_f@T#V5FbT ¸
¿>¿iÂ^F
­
=OYb©n¡C_=O9<=@PK>YK>9W²
®
K>9
®
=@C}A>©X§Dh<=k;iNJ§@» )PRAGfDa«²<=Of!A>©K
®
AiaZ9ãF
­.®
aZ=O9
®
=5´
¿U·QT ÁOÃ
¿
½ \ÁOÃ
¿iÃ^F
jXab?J?\K.TU[xFbT%AiYZaZ9ãT2FbT
­.®
hJ9<=OYZYT
­
F^¸
¿>¿iÎ^F<³ ¬!NJYb§DaZf
®
K>Yb=X¬}K
§Dh<=O¬K
§Da
®
K>YB¬A^²J=OYJA>©
®
K>9
®
=@CŁT^K>9J²(ab§Df
NJfD=aZ94K>9WK>Yb]

a«9<;ﬁabCDCK>²JaZK
§DabAi9 §DhJ=@C_K
±Wab=Of@Fp)h<=@A>COF[aZAiYFEﬁ=O²ãFEﬁA.²<=OYF´^T²<Aia»ZÁ@¿.FZÁ>ÁOÄ>ÎiÏ^ÁŁ·'½U¸`
½UÎ>Ä>¸`¨´`:·QF
jXa
®
hJK
C_²Jf@T>¹FHE4FbTQE
®
l/=@=>T
­
FÅ³FbTijXK'Ðg±WK
COTUE4FÅV5FbT%AiYb=>T2FÅj/FbTiK>9W²coI
K>9Jf@T>£!F ¶!FbTQdiK>9JÈ>AŁPXfgÈ.aTUdJFÅ³5F
E
®
l=@AŁP9ãTﬀ%xFbT
­
K>9J²J=@C_f@T£!F
­
FbTRE¯K>h<=@COToc)FÅj5FbT)ÁOÃ>Ã>Ã^F¶x=@C¬}YZaZ9<=c4
®
K>²Wh<=@C_aZ9;>=O9<=4¾:%£xV!ÁŁÀ
¬!N<§DK
§DabAi9Jfo±JCD=O²JaZfD±eAifD=R§gA/©tK>¬}aZY«aZK>Y^;iK>fg§gC_a
®®
K>9
®
=@CK>9J²
®
AiYbA>C_=
®
§DK>Y
®
K>9
®
=@COF^VNW¬kFUE1AiY¡FQ¶x=O9<=@§@F
Ä^T\Î
¿U· ^Î.Á@¿.F
j)AiN<C_K.T
­
FbT^E¯abC_KŁI>=@§@T
­
FbTU° ab=O²JC_K.TQd<F<¶K
C
® 

K²<=XV=@CDCD=@CDAifOTQ³FbT^£NJ9JK
®
hãT^E4FbT\ÁOÃ>Ã>Ã^F<jX=@;iNJYZK
§DabAi9A>©
c
®
K>²Jh<=@C_aZ9eÏ
®
K
§g=O9JaZ9K>fDfgA
®
aZK
§DabAi9}?Q]§]^CDAifDaZ9<=±\h<Aifg±Wh<A>C_]^YZK
§DaZAi9ãF
dJFi[abAiYFX%h<=O¬1F>¸i·'½<T.´>Îi·
´½ 
´>Îi·'½i¿.F
jXNJfDfD=OYZYbA<T
­
F !FbT
­
h<A>CD=>T
­
FÅlFbTW¸
¿>¿
½<F
­
C
®
aZ9khQNW¬}K>9
®
K
C
®
aZ9JA>;>=O9<=OfDaZf@FJ¹JCDAi9U§@Fe[abAif
®
aFWÃ^TÁO´>Ã \Áq½>½<F
­
K>9JfgAi9ãTR[FbTﬀ hJab§g=>T °FbT xaZ9
®
=O9U§@TRdJFÅ°FbTxÁOÃ>Ã>Î^F¦9
®
AiN<±WYZaZ9J;
®
K>²Jh<=@C_aZ9J;¡?WK>fg=O² K>²JhJ=OfDabAi9 ©{CDAi¬
 aZ9<;iYb=Of_ffDab;i9JK>YZY«aZ9<;%aZ9
5sv@vWzU~{by
FeªxK
§DN<CD=!´>Ä>´^TeÎ>¸i· ^Î>´
¿.F
­
hJaZ¬}K>¬!N<C_K.TelFbTãVaZC_K>9<A<T
­
FbTãE
®
E¯K>h<Ai9ãTM³FÅ°FbT K
È>=Oa
®
hJaTME4FbToÁOÃ>Ã½<F 9Q§t_ÁC²<=@±B=O9J²<=O9Q§CD=@;iN
YZK
§DaZAi9GA>©)YbA
®
K>Y c
®
K>²Jh<=@C_aZ9 K>9J² 	 ªu
®
K
§g=O9JaZ9 =qº.±JCD=OfDfDaZAi94aZ9 §DhJ==O¬?JCD]>Ai9Ja
®
¬AiNJfg=?JC_K>aZ9MF
£x=@I>=OYbA>±W¬}=O9U§5ÁO¸
¿.TB¸>¸>¸>¸>Â ^¸>¸>¸>´½<F
­
hU§DNJ§D¬}K>9ãTRE4FbT Bh^N<C_aZ9WfgÈQ]>TodJFbT
­
aZ¬
®
hJK.T8 FbTR³xYb?WK>9<=Ofg=>T6%FbT £¤Å³¬}a
®
A<TE4FbTR°=Ofg§g=OYZYTRj/FbT [=O9
e=Æ=@IeT.³5FbTeÁOÃ>Ã>Ã^FXh<=
®
]
®
YZaZ9<;£%Á;>=O9<=a«fRK5§DK
CD;>=@§A>©ã§Dh<=@
®
K
§g=O9JaZ9\ÏL c ¹p_ÁX±\K
§DhUPKO]>F<°oC_A
®
F
ªxK
§DYFJ³
®
K>²ãF
­.®
a¡F.¦F
­
FÅ³F\Ã>Î^TeÂ>Â>¸>¸ ^Â>Â>¸i·QF
­
¬}ab§Df@T^j/FbT<VA)WK>9J²ãT.ª5FbT<cR²<=OYZ¬}K>9ãTX7FbT\¶=ON<;iab=O9ãT<EGFbTJdUK
;i¬AihJK>9%hWK>9<;iN<COT
­
FbT.³Yb?\N&QNJ=@CN&QNJ=>T
%xFbT [RC_=ON<È>=OYT%xFbTMl5N
®
h<=@CYZK
±WK
§DaTMj5FbTl/ab=OYZ¬K>9ãTEGFÅ¹FbT¹<A^²W²<=>Tj/FbT¸
¿>¿>¿.F
­
Ai¬K
§Da
®
³±
®
¬!N
§DK
§DabAi9Wf1K
CD=4fg=OYZ=
®
§g=O² N<±BAi9 §Dh<=OabC
®
K
±WK
®
aZ§] §gA aZ9JK
®
§DaZIK
§g=G§DhJ=
®
K
§g=O9JaZ97²<AŁPX9JCD=@;iNJYZK
§DaZ9J;
K
®
§DabI.ab§¨]>Fe¶x=O9<=Of(%h<CDAi¬AifDAi¬=Of@%K>9
®
=@Cx¸>Ã^Te¸>¸>Ã ^¸>´>Ã^F
­
§DK>K>YTW¹F\dJFÅK>9J²q%Yb=@I>=@C_fOTWV5F %xFbTW¸
¿>¿iÂ^Fs ª@7fDab;i9JK>Y«YZaZ9<;%K>9J²1hJK
=O¬K
§gA>±eAiaZ=OfDaZf@»JKw ª@  ! ªﬁ
fDaZ§DNJK
§DabAi9ãF<ªxK
§@F\j)=@IeFJ8¬}¬!NJ9<AiYFJÂ^T\¸.Á ^´
¿.F
­
N

N<È.aToVFbT6GK
§gÈ.aZ9Jf@T£!FÅª5FbTdiK>abCŁTRlF -FbT
­.®
hQNJ=@?e=OY¡T lFÅc)FbTE¯K
CDÈ>AŁPXaZ§

T
­
FÅ£!FbT"%h<=O9ãT87FÅ£!FbT
° CD=@§DYbAŁP5T/FÅ° FbT K>9<;<TJ[xFbT<³È^ab]iK>¬K.T !FbT oK>9kc 9J;>=OYZK>9J²ãT<EGFbT AŁ]>A>§DK.TeEGFbT A>È^a«9<A<T/FbT.VxaZ9
A.²JK.T%FbTB8:¬K>aT\lFbTBV=@C_¬}K>9ãTBd<F ¶!FbTã[KO].YZaZ9ãT
­
F\[xFbTM¸
¿>¿
½<Fãco±WaZ;>=O9<=@§Da
®
a«9JK
®
§DabI
K
§DabAi9ﬁA>©
 #
;>=O9<=OfK>YZYbA'PXf
®
Ai9Jfg§Dab§DNJ§DabI>={ ª@ f_ab;i9JK>YZaZ9J;%a«9
®
AiYbA>CD=
®
§DK>Y
®
K>9
®
=@COFWªxK
§@FB¶x=O9ãFe´>Î^TJ½JÁŁ· U½U¸>¸^F
­
PK
§@TeEGFbTJl=OY¡TJ³5FbTJV=@C

=OYTWVFbTW¸
¿>¿
½<F\[ab©tN<C
®
K
§DaZAi9kK>9JK>Yb].fDaZfA>©§Dh<=CD=@;iNJYZK
§gA>C_](¬A.²JNJYZ=OfRA>©§Dh<=
¬}K>¬¬}K>YZaZK>9ﬁ¶ Ï
­
§gC_K>9JfDab§DaZAi9ãF<[aZAiaZ9<©{A>C_¬}K
§Da
®
f)¸
¿.TÁOÂ
¿iÎ \ÁOÂ.Á>Á
F
­
PXaZK
§g=@ÈeTs-FbTﬂ)f_K>aTW8 F %xFbT\l5YZaZ¬A'PXfgÈ.aT<LoFbT\°=@±WYZ=@COT\³FbT\[K
C_9<=@§g§g=>TMdJFbToAifg§@TBV5FHdJFbTabC_f_hQN<±TWEGFbT
¸
¿>¿
½<F)jX=@;iNJYZK
§DabAi9 A>©
®
K>fg=OaZ9 È.aZ9JK>fg=¯8

K
®
§DaZI^ab§¨] ?^] 9Q§kfDab;i9JK>Y«aZ9<;<FRdJF[abAiYFm%h<=O¬kF¸i·
Ã^T
ÁO´
¿<Á>Á \ÁO´
¿<ÁŁ·QF
 K
È
K>²JK.TBj/FbT\Vxa ÐDabÈ
K
§DK.TWV5FbTelAi9J²<AihMTWV5FbTFK
ÈK>²JK.T
­
FbTe¸
¿>¿iÂ^Fã³x9JK>Yb].fDaZfA>©
®
Ai¬?WaZ9JK
§gA>CaZK>YM=P#B=
®
§Df
A>©4 9U§DfK>9J²¤¹<C_a


Yb=O²ﬁAi9h
®
K
§g=O9Ja«9\Ï³XC¬}K>²JaZYZYZAfg§DK
?WaZY«a

K
§DabAi9ﬁK>9W²ﬁ£aZfDh<=@I>=OY«Yb=O²1±WhJAifg±Wh<A>C_a 
¥
YZK
§DaZAi9ãFW¶x=O9ãF?%=OY«YFãÁ@¿.TeÃ.ÁOÃ ^Ã>¸>Ä^F
 K
È>=O¬}K
CNãT)lFÆ8 FbT  K>¬K
;iN
®
hJa¡T
­
FbTLM=@=>T !F
­
FbT BhJK>9<;<T !FbT@%K
CD§Dh<=@P/Tj/F-FbTXE1A^Ai9ãTj/FmFbT
¸
¿>¿i¸^Fﬂ%hWab?J?^]>T^K%9^N
®
Yb=OK
C
®
K
§g=O9JaZ9K>fDfgA
®
aZK
§g=O²1K>9Q§DK
;>Ai9JaZfg§A>© §Dh<=( 9Q§Ï` a«9<;iYb=OfDf±WK
§DhQPKŁ]>F
ªxK
§DN<CD=½U¸>¸^TBÃ
¿iÂ ^Ã
¿iÃ^F
=@±WK>f_f@T¦FbTi¸
¿>¿i¸^Fi³²Wh<=@CD=O9JfJÐgNW9
®
§DabAi9Jf@»ªX=@PaZ9WfDab;ihQ§aZ9Q§gAxK>fDfD=O¬5?WYZ]>T¬A.²JNJY«K
§DabAi95K>9J²©tNJ9
®
§DabAi9ãF
[abAicRfDfDKO].fX¸½<TBÎ>Ã
¿  ^Î>Ã>Â^F
=@§DfDNMTã`!FbTBE
®
%A>C_¬}a
®
È\TB¹FbT#ÁOÃ>Ã>Ã^F 
®
K
§g=O9WaZ9¤CD=@;iNJYZK
§g=Of=qº^±WCD=OfDfDabAi9¯A>©
®
]
®
YZaZ9J£%Á5a«9
®
AiYbAi9
®
K
CY
®
aZ9JAi¬}K.FJªK
§DNJCD=´>Ã>Ä^TW½U¸>¸ U½U¸>Î^F
)h<Ai¬±WfDAi9ãT[FbT@PX9JfDYZ=@]>T¹FbT)jXAifDaZ9³CD?B=Ofg©{=OYZ²ãTj/FbTXE¯NJfDaZfDa¡TVFbTX[ab=O9

TXE4FbT¸
¿>¿i¸^F³$9<=@P
9^N
®
Yb=OK
C
®
Ai¬}±eAi9J=O9U§A>©#§Dh<=  9U§fDab;i9JK>YZY«aZ9<;!±WK
§DhUPKO]>FeªK
§@F%=OYZYã[abAiYF<½<Te´>Îi· ^´i·
´^F
AiYbPaZ9JfgÈ.aTJªF
­
FbT? ab=Of
®
hWK>NJf@TBc)FbTã¸
¿>¿
½iK.FM³ 9QN
®
Yb=OK
C=Of
®
A>CD§©A>Cﬁ
®
K
§g=O9JaZ9MFeªxK
§@F/%=OYZY[abAiY¡FBÎ^T
Âi·
Ã ^Â>Ä
¿.F
AiYbPaZ9JfgÈ.aT.ª5F
­
FbT ab=Of
®
hJK>NJfOTWc)FbTW¸
¿>¿
½>?MFej)=@§DhJa«9<È^a«9<; 9Q§XfDab;i9JK>Y«YZaZ9<;<FC_=O9J²JfX¶x=O9ãFe¸
¿.T ÁŁ·>· 
ÁOÄ.Á
F
A'PX9JfDYb=@]>T¹FHEGFbTu%Y«a$#e=>T³5FbT[ab=O9

TEGFbT)¸
¿>¿
½<F°o]^;>A>±WNJfK>9J² LM=@;iYZ=OfDf§DK
C_;>=@§1³XC_¬K>²JaZYZYbAQÏ`
®
K
§g=O9Ja«9}§gA5§DhJ=X9QN
®
Yb=ONJf§gA=O9JK
?WYb=XaZ§Df§gC_K>9Jf
®
Cab±J§DabAi9JK>Y
®
AK
®
§DaZIK
§gA>C©tNJ9
®
§DabAi9MFiªK
§@F%=OYZYJ[abAiYF
Î^T\Âi·
Ã ^Â>Ä
¿.F

¦XCD=O9MTo³5FbT jX=Oa
®
hWfD¬}K>9ãTo¹FbTR³x9<=Ofg§@T!FbT8KO].YbA>COT-F ¶!FbTEﬁN<CK>aZfgA<TolFbT [A>§g§DK
CDA<T£!F °FbTﬀ%NJ¬w
?B=@C_Yb=O²J;>=>T
­
FbTjXNJ?WaZ9ãT dJF
­
FbT#¸
¿>¿>¿.F
­
=
®
CD=@§g=O²¹ Ca


Yb=O²¡CD=OY«K
§g=O²+° CDA>§g=OaZ9_Á(?Wa«9J²Jf5²WabCD=
®
§DYb] §gA
 aZ9<;iYb=Of_foK>9J²a«f K/?\ab±WhJK>fDa
®
¬}A^²JNWYZK
§gA>CoA>© 9U§fDab;i9JK>YZY«aZ9<;<Fid<F^[aZAiYF%h<=O¬1FQ¸i·
Â^TeÁO´i·'½ \ÁO´>Ä>¸^F
xYb=O¬aZ9
®
ÈQºBTelFãK>9J² oK
È
K
=@§@T d>CŁTeL FBK>9W²E¯K
CD=@=OYTME4FMK>9J²¹#ab=@C_f@T?7FãK>9J² oK>9 jXAŁ]>TM¹FbTÁOÃ>Ã.Á
F
¶x=O9J=@§Da
®
¬}K>9Wab±WNJYZK
§DaZAi9A>©/c4
®
K>²JhJ=@C_aZ9 =qº.±JCD=Of_fDabAi9 ?^]=@±Wab§DhJ=OYZaZK>Y§DNJ¬AiNJC
®
=OYZY«f}CD=@I>=OK>YZf(K>9
aZ9QI
K>fDabAi9kfDN<±W±JCD=OfDfgA>CCDAiYZ=>Fﬂ%=OYZYMÎ>Î^T Á@¿U· \Á>ÁOÃ^F
 =Ofg§g=O9J²<A>CD©:Td<FHdJFbTãl/K>hJYb=@COTBj/FÅ³FbT
­.®
h<CDA^=O²<=@COTFFHEGFbT¸
¿>¿
½<F 9Q§/fDab;i9JK>YZa«9<;aZ9¯Aifg§g=@A>?WY«K>fg§Df/K>9J²
?BAi9<=²JaZfD=OK>fg=>Fe¶x=O9<=!´½JÁ
T ÁOÃ ^´>Ã^F
oK>9ﬁ²<={ =@§g=@CaZ9<;<T\E4FbT
­
K>9
®
h<A<TWcXFbT =@CDP=Oa ÐqTF%xFbTW£x=5LK>NMT7FbTB`xI^a«9<;<T<8FbT\VN<CYZfg§gAi9<=>TJ³FbToK>9
²<=@CVA>C_9ãT>lFbTi[K
§DYZYb=>T>cXFbTX%AiNJ²<CD=ONWfg=>T£!FbTiVxK
C_K>¬}aZfOT
³F>°FbT2ÐAi9° Ai9¹<Ai9<;<TQE4FbTUE1A^=@CD=@COTi°FbT
oK>9¤²<=O9¤[RA>C9ãTeE4FbT
­
AQ=@§g=>TM¶!FbTB°K>Y«f@T
­
FbTec aZYZ=@C_f@T\E4FbTeEﬁ=O²<=O¬}K.Tãj/FbT%Yb=@I>=@C_fOT\VFbTB¸
¿>¿i¸^F)h<=

®
K
§g=O9WaZ9\Ï
@%¹p¡½
®
Ai¬}±WYb=qº aZ¬±BAifg=OfK
®
CD]^±J§±JC_A>;>=O9Jab§gA>C/±WhJ=O9<A>§]^±B=Ai9
®
AiYbA>CD=
®
§DK>Y
®
K>9
®
=@C
®
=OYZY«f@Fs%=OYZYÁ>Á>Á
Te¸½JÁ ^¸>Â
¿.F
 Ai9<;<TV5F %xFbT#[AiN<C_²<=OY«K>f@T ³FbTl/C_K>NJfDf@T³5FbT#LM=@=>T#VFHd<FbT
­
hJK
A<T!FbTGNãT#£FbTE¯YbA^²

abÈ\T#EGFbT
­
hJa¡T
£!FÅLoFbT ãh<=O9<;<TWd<FbTW¸
¿>¿i´^F\£xaZCD=
®
§?WaZ9J²WaZ9<;5A>©§Dh<=/°R£ ¤²JAi¬}K>aZ9A>©#£xa«fDh<=@I>=OYZYb=O²(§gAK
®
Ai9Wfg=@CDI>=O²
aZ9Q§g=@C_9JK>YãfD='&QN<=O9
®
=5aZ9§Dh<=%6¡§g=@C¬}aZ9JK>YBCD=@;iaZAi9kA>©¹ Ca


Yb=O²ãFJEﬁAiYF?%=OYZYÁO¸^T ÁO¸>Â.Á \ÁO¸>Î
¿.F
GNãT.¶!FbT  xNMTQ¶!FbT
­.®
hQNWYZ¬}K>9ãTi[xFÅ³FbT.di=P#eCD=@]>TQ° FÅ£!FbT.VK
C_±e=@CŁTUd<F -FbTQ°#KOI.Yb=@§Da
®
hãTQªFÅ°FbT.¸
¿>¿i´^F
­
§gC_N
®

§DN<C_=ﬁA>©5K¦
®
K
§g=O9Ja«9 XC %°Á 
­
È^±Á !
®
K
§g=O9JaZ9
®
Ai¬±\Yb=qºe»£x=Ofg§gC_N
®
§DaZAi9 ¬}A>§Dab©?WaZ9J²WaZ9<;GK>9J²
Yb].fDaZ9J=xfg±B=
®
a
®
ab§]A>©§DhJ=
­
%¹¾TyCP%°ÀRN<?Wan&QNJaZ§DaZ9Y«ab;iK>fg=>FWEﬁAiYF?%=OYZY#Á>Á
TÁq½>½UÂ \Áq½UÂ>Î^F
 xaZ9J;<T!FbT"%Yb=O¬}=O9U§Df@T87FÅlFbTl/aZ¬}=OYZ¬}K>9ãTo£!FbT¸
¿>¿i´^Fm%C_]^fg§DK>Yfg§gC_N
®
§DNJCD=1A>©/Kz
®
K
§g=O9JaZ9\ÏKº<aZ9
®
Ai¬±\Yb=qº fDN<;>;>=OfD§DfK¯¬=
®
hJK>9JaZf_¬¥©{A>C%§Dh<=
®
K
§g=O9JaZ9²<=OfD§gC_N
®
§DabAi9
®
Ai¬±WYb=qºBFo¶x=O9ãF£x=@I\FÁŁ·QT
¸i·
Â>´ ^¸i·
Î½<F
 xaZ9J;<T%FbT/%Yb=O¬=O9Q§Df@TF-FÅlFbTMLM=ﬃ CDAi9<;<TB8FbTMVxaZ9J²Wf@TﬂFÅj5FbT
­
§g=O9<È
K>¬±MTãj/FbTãl/aZ¬}=OYZ¬}K>9ãTB£!FbT  NãT
-FbTW¸
¿>¿
½<F?%CD].fg§DK>Yãfg§gCN
®
§DN<CD=A>© Kw
®
K
§g=O9JaZ9\Ï³x°ﬀ%
®
Ai¬}±WYb=qºC_=@I>=OK>YZf)K
®
C_ab§Da
®
K>Y\C_AiYb=A>©³x°ﬀ%
±WhJAifg±Wh<A>CD].YZK
§DabAi9aZ9k³x°ﬀ% ©{NJ9
®
§DabAi9ãFJE1AiY¡F?%=OYZY#ÁOÂ^TeÂ>¸>´ ^Â>´>´^F
¥
E−cadherin dimer
p120p120
actin filament
CYTOSOL
ECM
−cat −cat
−
ca
t
−
ca
t
α α
β β
¹aZ;<F5Á
F
­.®
h<=O¬}K
§Da
®
A>©%K
®
K>²Jh<=@C_aZ9
®
Ai¬±WYb=qº aZ9 K>97K>²Jh<=@CD=O9Jf%ÐgNJ9
®
§DabAi9ãF)³xfﬁK YZa«9<È ?B=@§P=@=O9
c4
®
K>²Jh<=@CaZ9 K>9W² 	
®
K
§g=O9JaZ9MTﬀ
®
K
§g=O9JaZ9
®
Ai9Jfg§DaZ§DN<§g=OfK>9 =Of_fg=O9U§Da«K>Y
®
Ai¬}±eAi9J=O9U§A>©/§Dh<=OfD=¤§DaZ;ihU§
ÐgNJ9
®
§DabAi9Jf@FJ891§DNJC_9ãT	
®
K
§g=O9JaZ9aZfCD=OfD±eAi9WfDab?WYb=©{A>C?\aZ9J²JaZ9J;§gA(§Dh<=5K
®
§DaZ9
®
]^§gAifgÈ>=OYb=@§gAi9ãFã¹#aZ9JK>YZYZ]>T
K>9<A>§Dh<=@C
®
K
§g=O9JaZ9ãT\±ÁO¸
¿.Tea«9U§g=@C_K
®
§DfPXab§Dhﬁc4
®
K>²Jh<=@CaZ9Åf
®
]^§gA>±WYZK>f_¬}a
®
²<Ai¬K>aZ9ﬁK>9J²ﬁCD=@;iNJYZK
§g=Of§Dh<=
fg§DK
?WaZYZaZ§]1A>©R§Dh<=K>²Jh<=OfDabAi9
®
Ai¬±\Yb=qº+¾t£KOI.aZf=@§/K>YFbTM¸
¿>¿i´iÀFM89aZ9Q§g=Ofg§DaZ9JK>Y
®
AiYZNJ¬9JK
C
®
=OYZYZf@Te§Dh<=Ofg=
§Dab;ihU§JÐgNW9
®
§DabAi9JfMK>Y«ab;i95K>YbAi9J;)=OK
®
h
®
=OYZY Åf K
±Wa
®
K>Y
®
abC
®
NJ¬©{=@CD=O9
®
=>TŁ©A>C_¬aZ9<;)fg=OK>YZa«9<;Xfg§gC_K>9W²JfM?B=@§P=@=O9
K>²ÐgK
®
=O9Q§
®
=OY«YZf@F<cﬀ%E 	-=qº.§gC_K
®
=OYZY«NJYZK
C)¬}K
§gC_abºeF
¥
TCF
Groucho
Ser/Thr−phosphorylation
axin
APC
Wnt factors
repression of gene expression induction of gene expression
CYTOSOL
NUCLEUS
ECM
Ser/Thr
phosphorylation
degradation
&
ubiquitination
inhibition
ECM
GSK3 of 
FrizzledLRPLRP Frizzled
nuclear transport
−cat−cat
−cat
−cat
−cat
−cat
TCF
−cat
−cat
β β
β
β
β
β
β
β
−catβ
¹aZ;<Fe¸^F
­.®
h<=O¬K
§Da
®
A>©§DhJ=¬ 9U§fDab;i9JK>Y«YZaZ9<;±WK
§DhQPKO]>FB8:9ﬁ§Dh<=K
?\fg=O9
®
=!A>©4 9Q§%¾
Zntuqr
ÀTﬂ
®
K
§g=O9JaZ9
aZf±Wh<AifD±Wh<A>CD].YZK
§g=O²K
§fD±e=
®
a
®
fg=@C_aZ9J=1K>9J²§Dh<CD=@Ai9WaZ9<=kCD=OfDa«²JN<=Of%?^]+§DhJ=¯²<=Ofg§gCN
®
§DabAi9
®
Ai¬±\Yb=qº
K>9J²4§DhJ=O9 NJ9W²<=@CD;>A^=OfN<?\a &QNWab§DaZ9JK
§DabAi9¬=O²JaZK
§g=O² ²<=@;>CK>²JK
§DabAi9ãF#¦9W²<=@C§DhJ=Ofg=
®
Ai9W²Jab§DabAi9JfOT¬Aifg§

®
K
§g=O9JaZ9aZfYbA
®
K
§g=O²K
§!§Dh<=
®
=OY«YR¬=O¬?JC_K>9J=K>f±WK
CD§!A>©)K>²Jh<=OfDabAi9
®
Ai¬±WYb=qº.=Of¾t¹aZ;<FÁŁÀF³xfK
CD=OfDNJYb§@Te9<A
®
K
§g=O9JaZ9§gC_KŁI>=OYZfx§gA§Dh<=!9^N
®
Yb=ONWfK>9J²MT\§Dh^NJf@Te§Dh<=
®
A¡CD=@±JCD=OfDfDA>C/¶CDAiN
®
hJAa«fK
?WYZ=§gA
?WaZ9J²(§gA}£ª³  X@%¹oÏL c ¹ K>9J²±WCD=@I>=O9U§§DhJ==qº^±JC_=OfDfDabAi9A>©§Dh<=  9U§)§DK
C_;>=@§);>=O9<=Of@FJ89
®
Ai9Q§gC_K>fg§
¾
s~b
zQr
ÀTMab©8 9Q§©{K
®
§gA>C_fK
C_=!±WCD=Ofg=O9Q§a«9¯§DhJ==qº.§gC_K
®
=OYZYZNWYZK
C¬}K
§gC_a º+¾tc%EÀTe§DhJ=%fD§DaZ¬NWYZK
§DabAi9¯A>©
§Dh<=w 9Q§C_=
®
=@±J§gA>C_f}¾t¹<C_a


Yb=O²K>9J²LjX°ÂiÏ
ÎiÀ
®
K>NJfg=OfYbAifDfA>©RK
®
§DaZI^ab§¨]1A>© §DhJ=!²<=OfD§gC_N
®
§DabAi9
®
Ai¬w
±WYb=qºBF%Ai9Wfg='&QNJ=O9U§DYb]>TãNJ9J±Wh<Aifg±WhJA>CD]^Y«K
§g=O²d
®
K
§g=O9Ja«9GK
®@®
NJ¬!NJYZK
§g=OfK>9J²§gC_KŁI>=OYZf§gAk§Dh<=9^N
®
Yb=ONJf@F
[R]?Wa«9J²JaZ9<;(§gAhﬁ%¹oÏLc ¹T
®
K
§g=O9JaZ94a«9JhJab?WaZ§Df¶CDAiN
®
hJAÅf/CD=@±JC_=OfDfDaZ9<;1K
®
§DaZI^ab§¨] K>9J²ãTM§Dh<=@C_=@?Q]>T
aZ9J²JN
®
=Of§DhJ==qº^±JC_=OfDfDabAi9kA>©§Dh<={ 9Q§)§DK
CD;>=@§X;>=O9J=Of@F
~}
BCL941
3 10
TCF/LEF
−catenin  degradationβ
GSKβ 3 & TrCP
Armadillo repeats
2 3 4 65 7 8 9 1210 111
recognition
region
Ser−45 Tyr−142
781−COOHNH −13
1
APC12
121
3 5
axin
E−cadherin
−catenin
Tyr−654
Cell−cell  adhesion
Wnt  signalling
α
¹aZ;<F´^F `xI>=@CDI.ab=@P A>© 
®
K
§g=O9JaZ9Åf ?\aZ9J²JaZ9J; A>±W§DabAi9Jf@F¦)h<= h^NJ¬}K>9 
®
K
§g=O9Ja«9Ë¾t°´>Â>¸>¸>¸ 
%)ªx[xÁ

Vx¦xE¯³xªÀX¬}K
®
CDAi¬AiYZ=
®
NJYb=5aZf·
Ä.ÁC¡CD=OfDaZ²WN<=OfXYbAi9J;K>9J²1P=Oab;ihJfXK
?eAiNJ§Ä>Â^FHÂÈ^£K.Fã[aZ9J²
aZ9<;¯f_ab§g=Of!©A>C%§Dh<CD=@=k¬}K'ÐgA>C%§]^±B=OfA>©aZ9U§g=@CK
®
§DabAi9K
CD=fDh<AŁP9ãF 89
_yiz<nqs ~p:|nD
~y>rn_yiz.nq~v
p
¾
­
=
®
§DabAi9¸^FZÁŁÀT 
®
K
§g=O9JaZ9+?WaZ9W²Jf/§gA 	
®
K
§g=O9WaZ9K>9J² c
®
K>²Jh<=@C_a«9ãFp)hJ=©{A>C_¬=@C!?WaZ9J²Ja«9<;
®
K>9+?e=
aZ9JhJab?\ab§g=O²}?^]±\h<Aifg±Wh<A>C_]^YZK
§DaZAi9A>©p
®
K
§g=O9JaZ91K
§@ ]^CY_Áq½U¸%K>9J²§Dh<=/Y«K
§g§g=@C)?Q] ]^CY¨Î>Â½}±\h<Aifg±Wh<A
CD]^Y«K
§DabAi9ãF#8:9
 /m:|nD
~y>rn_ Un>sgyiiy>rt~v
p7vgu

y>rnqpJ~{p
¾
­
=
®
§DabAi9 ¸^FH¸^FZÁŁÀT6
®
K
§g=O9JaZ9 ?WaZ9J²Jf!§gA
Kº.aZ9kK>9W²k³°%6¡±JCDA>§g=OaZ9MT^PhJa
®
hkK
®
§)K>fXf
®
K
#eAiY«²Jf)aZ9(§Dh<=/²<=OfD§gC_N
®
§DabAi9
®
Ai¬}±WYb=qºBF.¹#aZ9WK>YZYb]>T<aZ9
pWr
~b>p\y
{~pQ
¾
­
=
®
§DabAi9ﬁ¸^FH¸^FH¸iÀT?
®
K
§g=O9JaZ9¯aZ9Q§g=@C_K
®
§Df)PXaZ§Dhk[m%L ÃK>9J²ﬁ%¹oÏLc ¹F
~F
CYTOPLASMIC
−CATENINβ
r10
r9
r3
r19
r17
r8
r14
r13
r12
r21
r20
r1r22
r  (W)15
r (W)2
r  (W)24r  (W)23
r5
r6
r4
r18
r11
CC
C
CCT
OT
Y
C
CO
C
X
A
PC
−M
ED
IA
TE
D
W
N
T−TA
R
G
ET  G
EN
ES
TR
A
N
SC
R
IPTIO
N
  O
F
T
CADHERIN−MEDIATED
CELL−CELL  ADHESION
r7
r16
A
A
D
u
−
C
A
TE
N
IN
  D
EG
R
A
D
A
TI
O
N
β
¹aZ;<FU½<F
­.®
h<=O¬K
§Da
®
CD=@±WCD=Ofg=O9Q§DK
§DabAi9A>©ã§DhJ=XÈ.aZ9<=@§Da
®
¬A.²<=OYTUPXhJa
®
h²<=Of
®
Cab?B=Of§Dh<=²J]^9JK>¬a
®
fA>©MK
®

§DabI>=X²<=Ofg§gCN
®
§DabAi9
®
Ai¬±WYZ=qº^=OfX¾dkÀTUKº<aZ9¬AiYb=
®
NWYb=Of)¾ ÀT^K>²Jh<=OfDabAi9¬}AiYb=
®
NJYb=Of)¾d/ÀTi§gC_K>9Jf
®
C_ab±J§DabAi9
¬AiYb=
®
NJYb=Of¾ 1ÀT! 9U§ §DK
CD;>=@§ ±JC_A>§g=OaZ9JfX¾d4À#K>9J²}f_a º!±BA^AiYZfA>©?
®
K
§g=O9JaZ9¾>

T j	 /TT
ﬂ
T^T
ﬂ
T

ÀFcoº^±JC_=OfDfDabAi9A>©§Dh<=
®
K
§g=O9JaZ9G;>=O9J=±JCDA.²JN
®
=OfK>94A>±B=O9 ©A>C¬ 
'
¾{CD=OK
®
§DabAi9´iÀTPXhJa
®
h
®
K>9
NJ9J²<=@CD;>A!³°%6¬=O²Ja«K
§g=O²}±Wh<AifD±Wh<A>CD].YZK
§DabAi9ﬁ¾{C_=OK
®
§DabAi91·>ÀT^aZ9Q§g=@C_K
®
§PXab§DhK>²Jh<=OfDabAi9}A>C§gCK>9Jf
®
C_ab±
§DabAi9¯¬}AiYb=
®
NJYb=Of¾{CD=OK
®
§DabAi9 ÃA>CÁ>ÁŁÀTMNJ9J²<=@CD;>A(³°%6aZ9J²J=@±e=O9W²<=O9U§)²J=@;>C_K>²JK
§DabAi9¾{CD=OK
®
§DabAi9½QÀ)A>C
©AiYZ²aZ9Q§gAK
®
YZAifg=O²
®
Ai9<©{A>C_¬}K
§DabAi9 
)
¾{CD=OK
®
§DabAi9ÁOÂiÀF)hJ=%³x°ﬀ%ﬀ¬=O²JaZK
§g=O²¤±Wh<AifD±Wh<A>CD].YZK
§DabAi9ﬁA>©

'
K>9J²
)
¬AiYb=
®
NJYb=Of¾{CD=OK
®
§DabAi9WfX·5K>9W²¤ÁOÎiÀR±WCDA^²WN
®
=Of#

T.PXhWa
®
h(aZfR§Dh<=O9CD=
®
A>;i9JaZfD=O²©{A>CC_K
±WaZ²
N<?Wa &^NJab§DaZ9WK
§DabAi9K>9J²4fDNJ?Wfg='&^N<=O9U§²<=@;>C_K>²JK
§DabAi9 ¾{CD=OK
®
§DabAi9ÄiÀFE1A>CD=@A'I>=@COT#?BA>§Dh
'
K>9J² 
)
®
K>9
?WaZ9J²!§gA5K§gCK>9Jf
®
C_ab±W§DabAi9%¬AiYb=
®
NJYb=/¾{CD=OK
®
§DaZAi9JfXÁ>Á)K>9W²1ÁOÄiÀTi;iabI.aZ9<; 
'21
K>9J² 
)41
®
Ai¬±WYb=qº.=Of§DhJK
§
±JCDAi¬A>§g=
Unxp\v>v
fg].9U§DhJ=OfDaZfoA>©ã§DhJ=X§DK
CD;>=@§±JCDA>§g=OaZ9MT 4µ¾{CD=OK
®
§DabAi9ÁO´iÀF.LabÈ>= 
'
T
)
aZfRfDN<?.Ðg=
®
§ §gA
³°%6aZ9J²<=@±B=O9J²J=O9U§o=OY«aZ¬}aZ9JK
§DaZAi91¾{CD=OK
®
§DabAi9 ÁŁ·>ÀF<£K>fDh<=O²K
CDCDA'PXfRa«9J²Ja
®
K
§g=xaZ9U§g=@CK
®
§DabAi9JfaZ9PhJa
®
h
§Dh<=
®
Ai9
®
=O9Q§gC_K
§DabAi9¯A>©K
®
Ai¬±BAiNJ9J²kaZ9)WN<=O9
®
=Of)K
®
=@CD§DK>aZ9kCD=OK
®
§DaZAi9ﬁC_K
§g=aZ91K±BAifDab§DaZI>=¾/ÀPKO]>F
E1A>CD=@A'I>=@COT K>f%=O¬±\hJK>fDaZfg=O²+?^]G§Dh<=?BAiYZ²+K
CDCDAŁPf@T#§Dh<=±JCD=Ofg=O9
®
=A>©=qº^§gC_K
®
=OY«YZNJYZK
Cw 9U§©tK
®
§gA>C_f
¾	-ÀR¬}aZ;ihU§²JabCD=
®
§DYZ]K
#e=
®
§)fD=@I>=@C_K>YBCD=OK
®
§DabAi9C_K
§g=OfOFJVX=O9
®
=>TJK
®@®
A>C²JaZ9<;!§gA}hU]^±BA>§Dh<=OfDaZf
¤FÆ8T 9U§
=O9JhJK>9
®
=Of§Dh<=!=OYZaZ¬}aZ9WK
§DabAi9kA>©oK
®
§DabI>=²<=Ofg§gCN
®
§DabAi9
®
Ai¬±WYb=qº.=Of!¾dkÀXK>9J²¯Kº<aZ9+¾ À!¾{CD=OK
®
§DabAi9Jf¸^T
¸>´ﬁK>9J²¸½QÀF³
®@®
A>C²JaZ9<;¯§gA¤hQ]Q±BA>§Dh<=Of_aZf
¤FÆ8D8 T/ 9U§%K>YZfgA¤±JCDAi¬A>§g=Of!§¨]QCDAif_aZ9<=±\h<Aifg±Wh<A>C_]^YZK
§DaZAi9
A>©A>±e=O9¡©A>C_¬ 
®
K
§g=O9Ja«9+¾{CD=OK
®
§DaZAi9+ÁOÂiÀFBj)=OK
®
§DaZAi9Jf%Á ^¸^TBÃ \Á@¿.TÁ>Á \ÁO¸K>9J² ÁOÄ \ÁOÃK
C_=
®
Ai¬±\Yb=qº
K>fDfg=O¬?WYb]JÏ²JaZfDfgA
®
aZK
§DabAi94CD=OK
®
§DabAi9Jf   CD=OK
®
§DaZAi9Jf!´^TÂ^TÁO´^T¸
¿¤K>9J²¸>¸ﬁa«9UI>AiYbI>=
Un(pev
v
fg].9Q§Dh<=OfDaZf
©CDAi¬¥;>=O9<=(=qº^±WCD=OfDfDabAi9  CD=OK
®
§DabAi9Wf%Î^TÁq½<T¸.Á(K>9W² ¸>´
®
A>CDCD=Ofg±BAi9J²4§gA¤9JA>C_¬}K>YR±JCDA>§g=OaZ94=OYZaZ¬}aZ9WK

§DabAi91I.aZK±JC_A>§g=@AiYb]^f_aZf@FWjX=OK
®
§DabAi9¤¸½(K
®@®
AiNJ9Q§Df©{A>CaZCDCD=@I>=@C_fDaZ?WYb=aZ9JhJaZ?Wab§DabAi9\Ï'=OY«aZ¬}aZ9JK
§DaZAi9A>©oK
®
§DabI>=
²<=Ofg§gC_N
®
§DaZAi9
®
Ai¬±WYb=qº.=OfPXaZ§Dh<AiN<§CD=OYb=OK>fg=5A>©#Kº<aZ9ãF<¹<A>C j	 Á_¸½<TW§Dh<=fg]^¬?BAiYB

CD=@±JCD=Ofg=O9Q§Df
§Dh<=/C_K
§g=/A>©CD=OK
®
§DabAi9 DF
~|
 K
?\Yb=}Á
»
­
§DK
§g=IK
C_a«K
?WYb=Of@F
 /	
	
	T	

 ?X	 p'
	
	J	s
  /0 H¹<CD=@=eK>²Jh<=OfDabAi9k¬}AiYb=
®
NJYb=Of /U	ﬀ
A
ﬂ
  /0
K
A
  
/
 ³²Wh<=OfDabAi9
®
Ai¬±\Yb=qº ¾ta¡FÆ=>F 
'
?BAiNJ9W²§gA /À 
/
	ﬀ
A
ﬂ
  
/

K
A
  
)
 %YbAifg=O²¡©A>C_¬ ¾jR]^CY¡±Wh<Aifg±\h<A>CD].YZK
§g=O²\À8
®
K
§g=O9JaZ9 
)
	ﬀ
A
ﬂ
  
)

K
A
  
)1
 %YbAifg=O²¡©A>C_¬ 
®
K
§g=O9JaZ9ﬁa«9§gC_K>9Jf
®
C_aZ±J§DabAi9
®
Ai¬±WYb=qº 
)41
	ﬀ
A
ﬂ
  
)1

K
A
  

 
®
K
§g=O9JaZ9ﬁ¬}K
CDÈ>=O²1©{A>CXN<?\a &QNWab§DaZ9JK
§DabAi9 

	ﬀ
A
ﬂ
  


K
A
  
t
 A>§DK>YÅ©CD=@=
®
]Q§gA>±WY«K>fD¬}a
®

®
K
§g=O9Ja«9ãT 
t
	U
)
¼ 
'

t
	ﬀ
A
ﬂ
  
t

K
A
  
'
 `x±B=O9¡©{A>C_¬ ¾tNJ9<±WhJAifg±Wh<A>CD].YZK
§g=O²\À
®
K
§g=O9Ja«9 
'
	ﬀ
A
ﬂ
  
'

K
A
  
'21
 `x±B=O9¡©{A>C_¬ 
®
K
§g=O9JaZ9ﬁaZ9§gC_K>9Jf
®
Cab±J§DabAi9
®
Ai¬±\Yb=qº 
'21
	ﬀ
A
ﬂ
  
'21

K
A
  
ﬂ
 CK>9Jf
®
C_ab±W§DabAi9
®
Ai¬±WYb=qºBT<
ﬂ
	U
)41
¼ 
'21

ﬂ
	ﬀ
A
ﬂ
  
ﬂ

K
A
    £x=Ofg§gC_N
®
§DabAi9
®
Ai¬±WYb=qº  	


   
K
A
  10 H¹<CD=@=\§gC_K>9Jf
®
C_aZ±J§DabAi9¬AiYb=
®
NJYZ=Of 1 	ﬀ
A
ﬂ
  12
K
A
    ³)º<aZ9 Z	


  
K
A
  4   9Q§)§DK
CD;>=@§±JCDA>§g=OaZ9 4 	ﬀ
A
ﬂ
  4o
K
J
 )aZ¬=  	ﬀ
A
ﬂ

~¥
 K
?WYZ=¯¸^»jX=OK
®
§DabAi9 C_K
§g=Of@F    ¾DÀ(5	
®
Ai9
®
=O9Q§gC_K
§DabAi9 A>©5¬}K
®
CDA
¬AiYb=
®
NJYb=  K
§)§DaZ¬}= F

		        
	    
 ³xfDfg=O¬?WYb](A>©K
®
§DabI>=!²<=Ofg§gC_N
®
§DabAi9
®
Ai¬±WYb=qº.=Of Ł¾gÀ	
K
x
  ¾gÀ(

;
£aZfDfgA
®
aZK
§DabAi9A>©K
®
§DabI>=²<=Ofg§gC_N
®
§DaZAi9
®
Ai¬±WYb=qº.=Of 
;
¾gÀ	


x 	
¾

Àr  ¤¾DÀ(

ﬁ

®
K
§g=O9Ja«9
Un5p\v

v
fD]^9Q§Dh<=OfDaZf 
ﬁ
¾gÀ	
K
A


³x°ﬀ%6aZ9W²<=@±B=O9J²<=O9Q§²<=@;>CK>²JK
§DabAi9kA>©#A>±B=O9¡©{A>C_¬ 
®
K
§g=O9JaZ9 

¾gÀ	ﬀ
A
  
'
¾gÀ(
%+
%n5p\v
v
fg].9U§DhJ=OfDaZfA>©K>²Jh<=OfDaZAi9k¬AiYb=
®
NJYb=Of %+>¾gÀ	
K
/
%' c Y«aZ¬}aZ9JK
§DaZAi9A>©K>²Jh<=Of_abAi9k¬AiYb=
®
NJYZ=Of %'>¾gÀ	ﬀ
/
  /!¾DÀ(
"! `x±B=O9¡©{A>C_¬ 
®
K
§g=O9Ja«9
­
=@C Ï
)hJCY¡±Wh<Aifg±\h<A>CD].YZK
§DabAi9 "!
¾gÀ	
*-,
x
 
ﬀ

A
 
ﬀ

A

 
ﬀ
=
/
.
%$ c Y«aZ¬}aZ9JK
§DaZAi9A>©
­
=@C Ï
Xh<CY¡±Wh<AifD±Wh<A>CD].YZK
§g=O²
®
K
§g=O9JaZ9 %$>¾gÀ	ﬀ

  

¾DÀ(
 ) ³xfDfg=O¬?WYb](A>©K>²JhJ=OfDabAi9 
®
Ai¬±\Yb=qº^=Of  ) ¾gÀ	
K
A /
  
'
¾DÀ(-  /%¾gÀ(
 (* £aZfDfgA
®
aZK
§DabAi9A>©K>²JhJ=OfDabAi9 
®
Ai¬±\Yb=qº^=Of  (* ¾DÀ 	ﬀ
A /
  
/
¾DÀ(

ﬂ
³xfDfg=O¬?WYb](A>© 
'
1
®
Ai¬±WYb=qº.=Of 
ﬂ
¾DÀ 	
K
A
ﬂ
  
'
¾DÀ(-  1!¾DÀ(

;
£aZfDfgA
®
aZK
§DabAi9A>©
'21
®
Ai¬±WYb=qº.=Of 
;
¾DÀ 	ﬀ
A
ﬂ
  
'21
¾gÀ(

ﬁ
K
CD;>=@§X±JC_A>§g=OaZ9
Unp\v

v
fD]^9Q§Dh<=OfDaZf 
ﬁ
¾DÀ 	
%ﬀﬁ
A
1
 
ﬀ

A1
 
ﬀ
=
/



K
CD;>=@§X;>=O9<=5=OYZaZ¬}aZ9WK
§DabAi9 

¾DÀ 	ﬀ
J
  4k¾DÀ(
(+ 
®
K
§g=O9Ja«9qR]QCY¡±\h<Aifg±Wh<A>C_]^YZK
§DaZAi9¾{±WCDA^²WN
®
§DabAi9(A>©
®
YbAifg=O²¡©{A>C_¬À (+i¾DÀ 	

*

 ﬂﬃ


A
 
ﬀ

A

 
ﬀ
=
/

(' %YbAifD=O²¡©A>C¬ 
®
K
§g=O9JaZ9
­
=@C Ï
)h<Cb¡±Wh<Aifg±WhJA>CD]^Y«K
§DabAi9 ('i¾DÀ 	
*-,
x
 
ﬀ

A

 
ﬀ

A

 
ﬀ
=
/
.
-! ³x°ﬀ%6aZ9W²<=@±B=O9J²<=O9Q§²<=@;>CK>²JK
§DabAi9kA>©
®
YbAifg=O²¡©A>C_¬ 
®
K
§g=O9JaZ9 -!>¾DÀ 	ﬀ
A
  
)
¾DÀ(

($
³xfDfg=O¬?WYb](A>© 
)
1
®
Ai¬±WYZ=qº^=Of 
($
¾DÀ 	
K
A
ﬂ
  
)
¾DÀ(-  1!¾DÀ(


) £aZfDfgA
®
aZK
§DabAi9A>©
)
1
®
Ai¬±WYb=qº.=Of 

)i¾DÀ 	ﬀ
A
ﬂ
  
)
1
¾DÀ(

;
*
%n5p\v
v
fg].9U§DhJ=OfDaZfA>©#§gC_K>9Jf
®
Cab±J§DabAi9¬AiYb=
®
NWYb=Of 
;
*i¾DÀ 	
K
ﬂ

;
 c Y«aZ¬}aZ9JK
§DaZAi9A>©#§gC_K>9Jf
®
C_ab±J§DabAi9¬AiYZ=
®
NJYb=Of 
;
'¾DÀ 	ﬀ
ﬂ
  1%¾gÀ(

; ;
³Xº.aZ9
Qnp\v
v
fg].9U§DhJ=OfDaZf 
; ;
¾DÀ 	
K
G

;ﬂﬁ
³Xº.aZ9=OY«aZ¬}aZ9JK
§DaZAi9 
;ﬂﬁ
¾DÀ 	


G
¾

Àr  +¾DÀ(

;
89JhJab?WaZ§DabAi9A>©#²<=Ofg§gCN
®
§DabAi9
®
Ai¬±\Yb=qº ¾{Pab§Dh<AiN<§Kº<aZ9kCD=OYb=OK>fD='À 
;
¾DÀ 	


x
¾

Àr  ¾DÀ(
~~
6000 12000 18000 24000
dimensionless time
1
2
3
4
5
6
tr
an
sc
rip
tio
n
co
m
pl
ex
es
6000 12000 18000 24000
dimensionless time
1
2
3
4
5
ta
rg
et
pr
ot
ei
n
(A)
(B)
¹aZ;<FÂ^Fc4#B=
®
§DfA>©
®
Ai9U§DaZ9^N<AiNJf{ 9Q§t¡=qº^±BAifDNJCD=Ai9 ;>=O9<==qº.±JCD=OfDf_abAi9ãF)h<=w 9U§5f_ab;i9JK>Y 
 
Á
fg§DK
CD§Df¤K
§ﬁ§DaZ¬= @	 ¿.Fﬁ)h<= 9U§ta«9J²JN
®
=O²7aZ9
®
CD=OK>fg= aZ9 §Dh<=GCK
§g=4A>©ﬃ ]^CY¡±WhJAifg±Wh<A>CD].YZK
§DabAi9MT

ﬁ
)
¾ÁŁÀ
ﬁ
)
TUaZfo;iaZI>=O9}?^]!?BA>§g§gAi¬wNJ±I
K>YZN<=OfoA>©ã¿(¾ 
¯FÆ8  U²JK>fDhJ=O²YZaZ9J=OfÀTU¸>Â¾ 
¤FÆ8D8DÀ#K>9J²ﬁÁŁ·
Â¾ 
¯FÆ8_8gÀT
CD=Ofg±B=
®
§DabI>=OYb]>Fm)h<=hJab;ihJ=@C§Dh<=C_K
§g=A>©¤ ]^CY¡±Wh<AifD±Wh<A>CD].YZK
§DabAi9ãT §Dh<=&QNJa
®
È>=@C1aZf§Dh<= aZ9Jab§Da«K>Y)CD=P
fg±BAi9Jfg=§gA5§DhJ=u 9U§ fD§DaZ¬NWYZNJf@F
 
ªA>C_¬}K>Y«aZfg=O²}Yb=@I>=OYWA>©B§gC_K>9Jf
®
C_aZ±J§DabAi9
®
Ai¬±WYZ=qº^=Of@T
ﬂ
¾ WÀﬂ
SgS
ﬂ
F


ªXA>C¬}K>YZaZfg=O²kYZ=@I>=OYãA>© §DK
C_;>=@§X±JCDA>§g=Oa«9ãT4(¾ WÀﬂp45SgSUF)h<=	
?Åf²<=O9<A>§g=5fD§g=OK>²<]!fD§DK
§g=5I
K>YZN<=Of)aZ9
§Dh<=kK
?Wfg=O9
®
=A>©u 9Q§@F#¹JA>C}§Dh<=±WK
C_K>¬=@§g=@CI
K>YZN<=Of
®
h<Aifg=O9 ¾tfg=@=1³±J±B=O9J²Ja ºWÀT ÁOÂ
¿>¿G²WaZ¬=O9JfDaZAi9
Yb=OfDft¡§DaZ¬}=/NJ9Jab§Df
®
A>CDC_=Ofg±BAi9J²§gA¸h<AiNJC_f@F
~
6000 12000 18000 24000
dimensionless time
1
2
3
4
5
ad
he
sio
n
co
m
pl
ex
es
6000 12000 18000 24000
dimensionless time
0.6
0.8
1
1.2
1.4
ad
he
sio
n
m
o
le
cu
le
s
0.2 0.4 0.6 0.8 1
Wnt signal
10
20
30
40
50
60
Ty
r-
ph
os
ph
or
yl
at
io
n
th
re
sh
ol
d
0.2 0.4 0.6 0.8 1
Wnt signal
1
2
3
4
5
6
ad
he
sio
n
co
m
pl
ex
es
µc(1) =^ µc
µc(1) =^ µc+ 25
µc(1) =^ µc + 175
(A) µc(1) =^ µc + 175
µc(1) =^ µc
µc(1) =^ µc+ 25
(B)
(D)(C)
¹aZ;<FãÎ^Fãc#e=
®
§DfA>©YbAi9<;¡§g=@C_¬  9U§=qº.±BAifDN<CD=Ai9
®
=OYZY  
®
=OYZYK>²Jh<=OfDaZAi9¤NW9J²<=@C
¯FÆ8¾t²WK>fDh<=O²YZaZ9<=Of À
K>9J² 
¤FÆ8D8X¾tfgAiY«aZ²Y«aZ9<=OfÀF)h<=u 9Q§f_ab;i9JK>Yefg§DK
CD§DfK
§§DaZ¬= 
 
	 ¿  ^a«9§Dh<=N<±J±B=@CR±WK>9<=OYZf@T 

	 Á
F
¹<A>C#§Dh<=R±\K
C_K>¬=@§g=@C#IK>Y«N<=Of
®
h<Aifg=O9k¾tfg=@=³X±W±e=O9W²Ja ºWÀTiÁOÂ
¿>¿x²WaZ¬=O9JfDaZAi9JYb=OfDft¡§Da«¬=oNJ9Jab§Df
®
A>CDCD=Ofg±BAi9J²
§gA(¸h<AiNJC_f@F 
 
ªA>C_¬}K>YZa«fg=O²1Yb=@I>=OYA>©#K>²Wh<=OfDabAi9
®
Ai¬}±WYb=qº.=Of@T 
/
¾ WÀﬂxSgS
/
FW¦x9J²<=@C 
¤FÆ8T
®
=OYZY  
®
=OYZY
K>²Jh<=OfDabAi94K>YbPKŁ]^f!aZ9
®
C_=OK>fg=Of5aZ9GCD=Ofg±BAi9Jfg=§gA¯§Dh<=M 9U§!fg§DaZ¬!NJYZNJfOFB¦x9J²<=@C
¯FÆ8D8 Th<A'PR=@I>=@CŁTK¯YbAŁP
IK>YZNJ=)A>©

ﬁ
)
®
K>9}CD=Of_NJYb§oaZ9}K>9aZ9
®
CD=OK>fD=XaZ9
®
=OYZY  
®
=OYZYJK>²Jh<=Of_abAi9ãT>PXh<=@C_=OK>f K5hWab;ih<=@CoI
K>YZN<=
®
K>9
®
K>NJfg=
K}²<=
®
CD=OK>fg=>F 

ªXA>C_¬K>YZaZfg=O² Å©{CD=@=WK>²JhJ=OfDabAi9k¬AiYb=
®
NWYb=Of@T/!¾ WÀﬂ /)SgSQFsXh<=§gC_K>9JfDab=O9Q§?B=OhJKOI.abAiN<C
²Ja$#B=@C_f@T#?WN<§YbAi9<;§g=@C_¬0?e=OhWKOI.abAiN<CaZf%aZ9J²<=@±B=O9J²J=O9U§!A>©Ph<=@§Dh<=@CD= 
¤FÆ85A>C 
¤FÆ8D8a«f!K
®
§DaZI>=>F 
 
ªXA>C_¬K>YZaZfg=O² ='&^NJaZY«ab?JC_aZNW¬ Yb=@I>=OY A>©)K>²Jh<=OfDaZAi9
®
Ai¬±WYb=qº.=Of@T S
/
¾

ÀﬂxSgS
/
F/)h<=}?WCDA>È>=O9 Y«aZ9<=
®
A>CY
CD=Ofg±BAi9J²Jf§gA 
¯FÆ8K>9J²¤§Dh<=fgAiYZaZ²¤YZaZ9<=Of§gA 
¤FÆ8D8TePXab§Dh¤§gA>±²JAŁPX9

ﬁ
)
¾ÁŁÀX
ﬁ
)
I
K>YZN<=OfxA>©R¿.T´^TÁ@¿.T
¸>Â^TÂ>Â^T#ÁŁ·
ÂK>9W²+Á@¿>¿>¿.Fã89Q§g=@CD=Ofg§DaZ9<;iYZ]>Te§¨PRA1YZ=@I>=OYZfxA>© 9Q§fg§DaZ¬!NJYZNJf
®
K>9;iabI>=!C_aZfg=!§gA§Dh<=fDK>¬=
Yb=@I>=OYMA>©
®
=OYZY  
®
=OY«YK>²Jh<=Of_abAi9k©{A>C
®
=@CD§DK>aZ9ﬁIK>Y«N<=OfA>©

ﬁ
)
F 
 
)h<CD=OfDhJAiYZ²

ﬁ
)
¾

ÀI
K>YZN<=/©{A>CXPhJa
®
h
§Dh<=CD=OYZK
§DabAi9 ¾´i·>ÀaZfK>9='&QNWK>YZab§]  ^§DhJK
§aZf@T.aZ9§DhJ=x±\K
C_K>¬=@§g=@C)fg±WK
®
=K
?BAŁI>=§DhJ=
®
N<C_I>=5
S
/

SgS
/
h<AiYZ²JfK>9J²d 9Q§XaZ9J²WN
®
=OfKYbAifDfA>©K>²JhJ=OfDabAi9
®
Ai¬±WYZ=qº^=Of©{CDAi¬§DhJ=
®
=OYZYã¬=O¬?JC_K>9<=>F
~ª
0.2 0.4 0.6 0.8 1
Wnt signal
2
4
6
8
10
tr
an
sc
rip
tio
n
co
m
pl
ex
es
0.2 0.4 0.6 0.8 1
Wnt signal
2
4
6
8
10
ad
he
sio
n
co
m
pl
ex
es
cat1β
cat1β
0.2 0.4 0.6 0.8 1
Wnt signal
20
30
40
50
60
th
re
sh
ol
d
%
fu
nc
tio
na
l
A
PC
(A)
(B)
mut2
apc1
mut2
apc1
wt
wt
(C)
apc1normal
oncogenic
¹aZ;<FJ·QFJjX=Ofg±BAi9Jfg=xA>©PXa«YZ²¡§]^±B=!¾
*or
ÀK>9J²k¬!N<§DK>9Q§
®
=OY«YZf§gAKw 9Q§;>C_K>²Jab=O9Q§@F<³f?B=@©{A>CD=>T<²JK>fDh<=O²
K>9J²}fgAiYZa«²!Y«aZ9<=Of
®
A>CDCD=Ofg±BAi9J²%§gAhU]^±BA>§Dh<=Ofg=Of 
¤FÆ8K>9W² 
¯FÆ8_8T
CD=Ofg±B=
®
§DabI>=OYZ]>Fil=@]\»
y. 
	
®
=OY«YZf§DhJK
§
hJKOI>=xYbAifg§ K/f_aZ9<;iYb=³x°ﬀ%6K>YZYZ=OYb=5¾taFÆ=>FQÂ
¿ CD=O²JN
®
§DabAi9a«9 	ŁÀ  X
_yir 
	
®
=OYZYZf§DhWK
§o±JCDA.²JN
®
=XÂ
¿ A>©
³°%6¡CD=OfDaZfD§DK>9U§ﬀ
®
K
§g=O9JaZ9  ^K>9J²
|%Ì<rt
	 ²<AiN<?WYb=¬N<§DK>9Q§Df¾taFÆ=>F 	 ¿5A>C#"! ¿!K>9J² (' ¿UÀF
A¤©{K
®
a«YZab§DK
§g=
®
Ai¬}±WK
C_aZfgAi9MT K>YZY
®
N<CDI>=Of%hJKOI>=(?B=@=O9 9JA>C_¬}K>YZaZfD=O² ?Q] §DhJ= 9U§ ÅA#"#fg§g=OK>²<]Xfg§DK
§g=
IK>YZNJ=o©A>C 9<A>C_¬}K>Y
®
=OY«YZf@F 
 
­
§g=OK>²<]!fD§DK
§g=RI
K>YZN<=A>©<9<A>C_¬K>YZaZfg=O²§gC_K>9Wf
®
C_ab±J§DaZAi9
®
Ai¬±WYb=qº.=Of@TŁPhJa
®
h
aZf aZ9W²<=@±B=O9J²<=O9Q§A>© 
¤FÆ8K>9J² 
¤FÆ8D8 F 

­
§g=OK>²<]!fD§DK
§g=I
K>YZN<=)A>©M9JA>C_¬}K>YZaZfD=O²}K>²Jh<=OfDaZAi9
®
Ai¬±WYb=qº.=Of@F

 
°=@C
®
=O9Q§DK
;>=%A>©o³°% K
®
§DabI.ab§¨]k§DhJK
§X;iabI>=OfxC_a«fg=§gA(KYb=@I>=OYMA>©4 9Q§fDab;i9WK>YZYZaZ9<;%='&^NJK>YM§gA(§DhJK
§
A>©fDa«9<;iYb=w
®
K
§g=O9JaZ9 ¬NJ§DK>9U§DfK>f/Kk©tNJ9
®
§DabAi9A>©§Dh<= 9U§/f_ab;i9JK>Y  ã§DhJK
§/a«f@TMaZ9§Dh<=}YbA'PR=@CCD=@;iabAi9
A>© §Dh<=±WK
CK>¬=@§g=@CXfg±WK
®
=>TJ³x°ﬀ% ¬!N<§DK>9Q§Df)K
CD=/¬A>C_=xAi9
®
A>;>=O9Ja
®
§DhJK>9kf_aZ9<;iYb=ﬁ
®
K
§g=O9JaZ9k¬!N<§DK>9Q§Df@F
)h<=?WNJY«Yb=@§¾t¿ HÎ>Î>´ _Â
¿UÀ
®
A>C_CD=Ofg±BAi9J²Jf§gA/§Dh<=aZ9U§g=@Cfg=
®
§DabAi9±BAiaZ9Q§)¾t¿ HÎ>Î>´ _Î H´½QÀaZ9¹#ab;<FQ·QFÅ³5F)h<=Ofg=
fDaZ¬!NJYZK
§DabAi9JfK
CD=5?WK>fg=O²Ai9k§Dh<=/9JAi9fDK
§DN<C_K
§DaZAi9kA>©R]^CY¡±Wh<Aifg±\h<A>CD].YZK
§DabAi9ã»^§Dh<=/K
±J±JC_AOº<aZ¬}K
§g=TxS
'
IK>YZNJ=(fDhJAŁPX9aZ9 ¾´>ÎiÀ!hJK>f!?B=@=O9+NWfg=O²+©A>C%§Dh<=³°% ¬N<§DK>9Q§Dfﬁ¾{§Dh<=kK
±J±WCDAOº<aZ¬}K
§g=(='&QNWaZYZab?JCaZNJ¬
IK>YZNJ=Of©A>CX§Dh<={
®
K
§g=O9Ja«91¬NJ§DK>9U§DfK
CD=/±JCDA'I^a«²<=O²kaZ9§Dh<=5³±J±B=O9J²JabºJÀF
~ 
1500 3000 4500 6000
dimensionless time
100
110
120
130
140
%
tr
an
sc
rip
tio
n
co
m
pl
ex
es
1500 3000 4500 6000
dimensionless time
0
20
40
60
80
100
%
ad
he
sio
n
co
m
pl
ex
es
15000 30000 45000 60000 75000
dimensionless time
100
200
300
400
500
600
%
ad
he
sio
n
co
m
pl
ex
es
1500 3000 4500 6000
dimensionless time
20
40
60
80
100
%
to
ta
l
B
-
ca
te
ni
n
25000 50000 75000 100000
dimensionless time
100
200
300
400
500
%
to
ta
l
B
-
ca
te
ni
n
αa0.5 x 
αa =0
αa0.5 x 
αa =0
αa6 x
αa3 x
αa0.5 x 
αa =0 αa3 x
αa6 x
25000 50000 75000 100000
dimensionless time
40
60
80
100
%
tr
an
sc
rip
tio
n
co
m
pl
ex
es
Wnt ‘off’ Wnt ‘on’
(D)
(A) (B)
(F)(E)
(C)
¹aZ;<FeÄ^Fe8:¬±\K
®
§A>©
®
hJK>9<;>=OfaZ9ﬁc
®
K>²Jh<=@C_a«91=qº.±JCD=OfDfDaZAi9 ¾{A
®@®
N<CDC_aZ9J;K
§§Da«¬= 	 ¿UÀ)Ai9
®
=OYZY  
®
=OYZY
K>²Jh<=OfDabAi9K>9J²{ 9Q§ fDab;i9WK>YZYZaZ9<;<F@¹<A>C§Dh<=R±WK
C_K>¬=@§g=@CIK>Y«N<=Of
®
h<Aifg=O9¾tfg=@=³±J±B=O9J²JabºJÀT>ÁOÂ
¿>¿²JaZ¬=O9
fDabAi9JYb=Of_ft¡§DaZ¬=%NJ9Jab§Df
®
A>CDC_=Ofg±BAi9J²¤§gA¯¸h<AiN<C_fOF\89§Dh<= J;iN<C_=OfAi9§Dh<=}Yb=@©{§@Tã§Dh<=@CD=aZf9<A=qº.§g=@C_9JK>Y
 9Q§kfDab;i9JK>YFR8:9 §Dh<= J;iN<C_=OfAi9 §Dh<=¤C_ab;ihQ§@TPXh<=@CD=l 9Q§kaZf±JCD=Ofg=O9Q§@T²JK>fDh<=O² K>9J² fgAiYZaZ² YZaZ9<=Of
®
A>CDCD=Ofg±BAi9J² §gA
¯FÆ8K>9J² 
¤FÆ8D8 TãCD=Ofg±B=
®
§DabI>=OYb]>Fp)h<=N<±W±e=@CŁTB¬aZ²J²JYb=%K>9J²GYZAŁP=@C±WK>9J=OYZffDh<A'P §Dh<=
±e=@C
®
=O9U§DK
;>=
®
hJK>9<;>=Of/a«9
®
=OYZY  
®
=OYZY#K>²Jh<=OfDabAi9MTÁ@¿>¿ ,
/
¾ WÀﬂ
/
¾t¿UÀ  MaZ9¤§gA>§DK>Y
®
=OYZYZNWYZK
C@
®
K
§g=O9JaZ9ãT
Á@¿>¿ }¾>
/
¾ WÀ
¼H
t
¾ WÀ
¼H
ﬂ
¾ WÀ
¼H

¾ WÀgÀﬂ.¾>
/
¾t¿UÀ¼H
t
¾t¿UÀ
¼H
ﬂ
¾t¿UÀ
¼H

¾t¿UÀgÀTUK>9J²aZ9%§gCK>9Jf
®
C_ab±
§DabAi9
®
Ai¬±WYb=qº.=Of@TBÁ@¿>¿  
ﬂ
¾ WÀﬂ
ﬂ
¾t¿UÀT.CD=Ofg±B=
®
§DabI>=OYb]>F 
 
8:¬±\K
®
§RA>©c4
®
K>²Jh<=@CaZ9C_=@±JCD=OfDfDaZAi9}Ai9
®
K>²Jh<=@C_aZ9¬=O²JaZK
§g=O²K>²Jh<=Of_abAi9kaZ9§Dh<=/K
?WfD=O9
®
=A>©p 9Q§@F 
 
K>9J²  

f_h<AŁP §Dh<=
®
A>C_CD=Ofg±BAi9J²JaZ9J;
®
hJK>9<;>=Of(aZ9§DhJ=1±B=@C
®
=O9U§DK
;>=¯A>©§gA>§DK>Yu
®
K
§g=O9WaZ9 K>9J² §gC_K>9Jf
®
C_aZ±J§DabAi9
®
Ai¬±WYZ=qº^=Of@T CD=Ofg±B=
®
§DabI>=OYb]>F


c4#B=
®
§Df/A>©c
®
K>²Jh<=@C_aZ9GAŁI>=@CD=qº.±JCD=OfDf_abAi9GAi9
®
=OYZY  
®
=OYZYK>²JhJ=OfDabAi9GaZ9G§Dh<=}±JCD=OfD=O9
®
=A>©Kd 9U§
fDab;i9JK>YF 
 
K>9J² 

f_h<AŁP §DhJ=
®
A>CDCD=Ofg±BAi9J²WaZ9<;
®
hJK>9<;>=OfaZ9§Dh<=/±B=@C
®
=O9Q§DK
;>=/A>©#§gA>§DK>Y
®
K
§g=O9JaZ9
K>9J²G§gC_K>9Wf
®
C_ab±J§DaZAi9
®
Ai¬±WYb=qº.=Of@TMCD=OfD±e=
®
§DaZI>=OYb]>FªA>§g=§Dh<=²Ja$#B=@CD=O9
®
=}aZ9 §Da«¬=f
®
K>Yb=?e=@§¨PR=@=O9 §Dh<=
±WK>9<=OYZf/¾tcÀK>9J²4¾t¹oÀF
~
10000 20000 30000 40000
dimensionless time
100
115
130
145
%
tr
an
sc
rip
tio
n
co
m
pl
ex
es apc1
mut2
wt
15000 30000 45000 60000 75000
dimensionless time
40
60
80
100
%
tr
an
sc
rip
tio
n
co
m
pl
ex
es
(A)  Wnt ‘off’
(B)  Wnt ‘on’
¹aZ;<FeÃ^Fe8:¬±\K
®
§XA>© c
®
K>²Jh<=@C_aZ91=qº^±JC_=OfDfDabAi9ﬁAi9q 9U§x§DK
CD;>=@§;>=O9<==qº^±JC_=OfDfDabAi9¯aZ91PXa«YZ²¡§]^±B=
®
=OYZYZf
¾{?WYZK
®
È+?BAiYZ²+YZaZ9<=OfÀ5K>9J²³x°ﬀ% ¬!N<§DK>9Q§Df@F)h<=
®
N<CDI>=Off_h<AŁP§Dh<=k§Da«¬=
®
AiN<C_fg=A>©X§DhJ=k±e=@C
®
=O9U§t
K
;>=¯A>©§gC_K>9Jf
®
C_ab±J§DabAi9
®
Ai¬±WYb=qº.=Of@TRfD§DK
CD§DaZ9<;G©{CDAi¬ Á@¿>¿(FL K
?B=OYZf}K>f(aZ9 ¹#ab;<F·QFEﬁK>9Wab±WNJYZK
§DaZAi9
A>©c
®
K>²Jh<=@C_a«9=qº^±WCD=OfDfDabAi9 A
®@®
N<CfK
§§Da«¬= E	 ¿.F 
 
j)=OfD±eAi9Wfg=k§gA
®
Ai¬±\Yb=@§g=¯c
®
K>²Jh<=@C_aZ9
È^9<A
®
ÈX¡AiN<§¯¾	
/
	 ¿UÀ%aZ9+§Dh<=1K
?\fg=O9
®
=1A>©K>9=qº.§gC_K
®
=OYZYZNJY«K
C¤ 9Q§fDab;i9JK>Y¡F  

jX=Ofg±BAi9Jfg=§gA4K
fDa º¡©AiYZ²aZ9
®
CD=OK>fg=kaZ9+c4
®
K>²Jh<=@CaZ9+=qº^±JC_=OfDfDabAi9 ¾Î   	
/
À!aZ9+§Dh<=±JCD=Ofg=O9
®
=(A>©xK>9=qº.§g=@C_9JK>Y 9U§
fDab;i9JK>YT<NJ9W²<=@C 
¯FÆ8¾t²JK>fDhJ=O²1YZaZ9<=Of À K>9W² 
¯FÆ8_8x¾tfgAiYZa«²kYZaZ9<=OfÀF
~
­NW¬}¬}K
CD]([RAŁº4Á
» 9U§XK
®
§DaZIK
§DabAi9
 
p¤~{~tv
=qº.±B=@C_aZ¬=O9Q§
­
§DK
C_§DaZ9<;}©{CDAi¬µ§DhJ=¬ 9U§ ÅA#"\='&^NJaZYZaZ?JC_aZNJ¬
®
Ai9
®
=O9Q§gC_K
§DabAi9JfOT\P=5=qº.±BAifg=/PXaZY«²¡§]^±B=
®
=OYZYZf);>A'I!
=@C_9J=O²k?Q] 
¤FÆ8K>9J² 
¯FÆ8D8R§gAK
®
Ai9JfD§DK>9U§@ 9Q§XfDab;i9WK>YF
EﬁA^²J=OYã±JCD=O²Ja
®
§DabAi9Jf
¾

FZÁŁÀ89kCD=Ofg±BAi9Jfg=§gA 9Q§@TW§DhJ=5Yb=@I>=OYMA>©K
®
§DabI>=!²<=Ofg§gC_N
®
§DabAi9
®
Ai¬±WYZ=qº^=Of²<=
®
CD=OK>fg=Of@T\PXh<=@CD=OK>f
§Dh<=Yb=@I>=OY«f#A>©
®
]^§gA>±WYZK>fD¬}a
®

®
K
§g=O9WaZ9ãT>§gC_K>9Jf
®
C_ab±J§DabAi9
®
Ai¬±WYZ=qº^=OfK>9J²!§DK
CD;>=@§±WCDA>§g=OaZ9%aZ9
®
CD=OK>fD=>F
¾

FH¸iÀ!³Yb§DhJAiN<;ihaZ9Jab§DaZK>Y«Yb]¤fD]^fg§g=O¬ 
¤FÆ8/CD=OK
®
§Df¬A>CD=&QNWa
®
È.Yb] §gA §Dh<=f 9U§fDab;i9WK>YT §DhJ= \9JK>Y
Yb=@I>=OY«f A>©ã§gC_K>9Wf
®
C_ab±J§DaZAi9
®
Ai¬±WYb=qº.=OfK>9J²}§DK
C_;>=@§±WCDA>§g=OaZ9K
C_=X§Dh<=fDK>¬=©A>C 
¯FÆ8oK>9W² 
¤FÆ8D8K
©§g=@C
YbAi9J;¡§g=@C_¬  9U§X=qº^±BAifDN<C_=>F
¾

FH´iÀ³
®@®
A>C_²JaZ9<;5§gA
¤FÆ8TUK
®
§DaZIK
§DabAi9A>©F 9Q§RfDaZ;i9JK>YZYZaZ9J;xK>YbPKO].fYb=OK>²Jf§gA!K¾tfDaZ¬}a«YZK
C À aZ9
®
CD=OK>fD=
aZ9?BA>§Dh
®
]Q§gA>±WY«K>fD¬}a
®

®
K
§g=O9JaZ9K>9W²
®
K>²JhJ=@C_aZ9¬=O²WaZK
§g=O²K>²Wh<=OfDabAi9ãF89
®
Ai9Q§gC_K>fg§@TiNJ9W²<=@C 
¤FÆ8D8 T
§Dh<=5=P#e=
®
§A>©p 9U§XAi9
®
=OYZY  
®
=OY«YãK>²Jh<=OfDabAi9k²J=@±e=O9W²JfAi9k§Dh<=/CK
§g=/A>©R]^CY¡±Wh<Aifg±\h<A>CD].YZK
§DabAi9ãF
%Ai9
®
YZNJfDabAi9Wf
8:§kaZf9<A>§±eAif_fDab?WYb=ﬁ§gA ²JaZf
®
C_a«¬}aZ9JK
§g=1?B=@§¨PR=@=O9 §DhJ=¤§¨PRA hQ]^±eA>§DhJ=Ofg=Of(Ai9 §Dh<=?WK>fDaZf(A>©5;>=O9J=
=qº.±JCD=OfDf_abAi9©{AiYZYbAŁPaZ9<;)YbAi9<;¡§g=@C¬  9U§fDab;i9JK>YZY«aZ9<;<F 8:95§Dh<= K
?Wfg=O9
®
= A>©<c4
®
K>²JhJ=@C_aZ9CD=@±WCD=OfDfDabAi9MTOK
 9U§t¬}=O²JaZK
§g=O²!CD=O²JN
®
§DaZAi9/aZ9
®
K>²Wh<=@C_aZ9¬}=O²JaZK
§g=O²/K>²JhJ=OfDabAi9
®
K>9MT'h<A'PR=@I>=@COT
Ai9JYZ]x?B=o=qº.±WYZK>a«9<=O²
?^] 
¯FÆ8D8 F
}
­NJ¬}¬K
CD][AOºﬁ¸^»\E¯K>YZab;i9WK>9U§§gC_K>9Wfg©A>C¬}K
§DabAi9
 
p¤~{~tv
=qº.±B=@C_aZ¬=O9Q§
c IK>YZNWK
§DabAi9GA>©
®
=OYZY  
®
=OYZY K>²JhJ=OfDabAi9GK>9J²+fDab;i9WK>YZYZaZ9<;kaZ9GPXaZYZ²¡§¨]Q±B=
®
=OYZY«f¾
*or
ÀT
®
=OY«YZf/§DhJK
§!hJKOI>=
YbAifD§oK/fDaZ9<;iYZ=³x°ﬀ%K>YZYb=OYb=5¾
y< 
ÀT
®
=OYZY«f#±JCDA.²JN
®
aZ9<;Â
¿ A>©ã³x°ﬀ%6¡C_=OfDaZfg§DK>9Q§4
®
K
§g=O9JaZ9¤¾T
_yir 
À
K>9J² ²<AiN<?WYZ=¯¾t³°% A>C
®
K
§g=O9JaZ9eÀ/¬!N<§DK>9Q§Df(¾
|%Ì<rt
À5©{AiYZYbA'PXaZ9<;1K¯YbAi9<;¡§g=@C_¬¥=qº^±BAifDNJCD=}§gAK
®
Ai9JfD§DK>9U§@ 9Q§XfDab;i9WK>YF
EﬁA^²J=OYã±JCD=O²Ja
®
§DabAi9Jf
¾

FÆ½QÀB89/YZaZ9<=#PXaZ§Dh¾

FH¸iÀT'©A>CK>9U]A>©.§Dh<=
®
=OYZYi§]^±e=Of K
?BAŁI>=>TŁ§DhJ=
®
Ai9
®
=O9Q§gC_K
§DabAi9A>©^§gCK>9Jf
®
C_ab±W§DabAi9
®
Ai¬±\Yb=qº^=Of²JAQ=Of9<A>§²<=@±B=O9J²Ai9§Dh<=
®
h<Aia
®
=xA>© 
¯FÆ8 A>C 
¯FÆ8D8RK
©§g=@C)YbAi9J;¡§g=@C_¬  9Q§=qº^±BAifDNJCD=>F
EﬁA>CD=@AŁI>=@CŁT\aZ9§Dh<=/K
?\fg=O9
®
=A>© 9Q§@TW³x°ﬀ% K>9J²f
®
K
§g=O9JaZ91¬!N<§DK
§DabAi9JfXK>YbPKŁ]^f);iabI>=/C_aZfD=x§gA}K>9
aZ9
®
CD=OK>fg=/aZ9
®
=OYZY  
®
=OYZYMK>²Jh<=Of_abAi9ãF
¾

FHÂiÀ)h<=¤CD=OYZK
§DabI>= fg§g=OK>²<]Xfg§DK
§g=4YZ=@I>=OYZf(A>©5§gC_K>9Jf
®
C_ab±J§DabAi9
®
Ai¬±WYb=qº.=OfkaZ9
y.  
K>9W²
_y>r 
¬!N<§DK>9Q§Df²<=@±B=O9J²JfMAi9§Dh<=fg§gCD=O9<;>§Dh!A>©J§DhJ=6 9U§#fDab;i9WK>YFŁ89
®
Ai9Q§gC_K>fg§@T
|%Ì<rt
¬!N<§DK>9Q§Df¬K>aZ9U§DK>a«9
§Dh<=fDK>¬=¾thJaZ;ih\ÀRYb=@I>=OYãA>©  9Q§XfDaZ;i9JK>YZYZaZ9J;<T^aZ9W²<=@±B=O9J²<=O9Q§DYb]A>©#§Dh<=  9Q§);>C_K>²Wab=O9U§@F
¾

FHÎiÀ¦x9J²<=@C 
¤FÆ8 TJ§Dh<=5fg§g=OK>²J]!fg§DK
§g=%Yb=@I>=OYA>©
®
=OY«Y  
®
=OYZYMK>²JhJ=OfDabAi91aZ9
|!Ì<rt
¬!N<§DK>9Q§Df²<A^=OfX9JA>§
²<=@±B=O9J²!Ai9ﬃ 9Q§@T>PXh<=@CD=OK>faZ9%§DhJ=A>§Dh<=@C§Dh<CD=@=
®
=OYZY.§¨]Q±B=OfoaZ§#a«9
®
CD=OK>fg=Of#PXaZ§Dh 9Q§@Fi8:9
®
Ai9Q§gC_K>fg§@T
NJ9W²<=@C 
¤FÆ8D8T
®
=OYZY  
®
=OYZY)K>²Wh<=OfDabAi9 ²J=
®
CD=OK>fg=Of(PXab§Dh a«9
®
CD=OK>fDaZ9J; 9Q§aZ9
|!Ì<rt
¬!N<§DK>9Q§Df@FﬀXh<=
CD=OfD±eAi9Wfg=A>© §DhJ=/A>§Dh<=@C)§Dh<C_=@=
®
=OYZYã§¨]Q±B=Of)²<=@±B=O9J²WfAi9k§Dh<=C_K
§g=/A>©4R]QCb¡±Wh<Aifg±WhJA>CD]^Y«K
§DabAi9ãF
%Ai9
®
YZNJfDabAi9Wf
³xN<§gA
®
C_aZ9<=(±JCDA.²JN
®
§DabAi94A>©u 9U§%©tK
®
§gA>C_f
®
K>9=O9JhWK>9
®
= 9Q§}fDab;i9JK>YZY«aZ9<;1aZ9
y.  
K>9W²¯
_y>r 
¬!N<§DK>9Q§Df@Ti?WN<§o9JA>§oaZ9
|%Ì.rt
¬!N<§DK>9Q§Df@FQEﬁA>CD=@AŁI>=@COT^Ai9
®
A>;>=O9Ja
®
K
®
§DabI
K
§DabAi9A>©BK{ ]^CY¡È.aZ9JK>fg=5¾{=>FÆ;<F
­
C
®
À²<A^=Of9JA>§X±JCDAi¬}A>§g= 9U§fDab;i9WK>YZYZaZ9<;%?WNJ§@T\NJ9J²J=@C 
¤FÆ8D8K>9J²d 9U§x=qº.±eAif_N<CD=>T\¬KO]1©tKOI>AiN<C
§DNJ¬}AiN<C/aZ9QIK>fDaZAi9¯?^]ﬁC_=O²JN
®
aZ9<;
®
=OYZY  
®
=OY«YK>²Wh<=OfDabAi9ãFã¹#aZ9JK>Y«Yb]>T\§DhJ=%YZ=@I>=OYA>©R³x°ﬀ%-aZ9WK
®
§DabIK
§DaZAi9
CD='&^NJabC_=O²©A>C¬}K>YZab;i9WK>9U§o§gCK>9Jfg©{A>C_¬}K
§DabAi9
®
K>9}I
K
CD]}fDab;i9Ja
®
K>9U§DYZ]²<=@±B=O9J²Ja«9<;Ai9§Dh<=XIK>YZNJ=OfoA>©
§Dh<=È.aZ9<=@§Da
®
±WK
CK>¬=@§g=@C_f)K>9J²MT.a«9±\K
CD§Da
®
NJYZK
CŁT^Ai9§DhJ=±JCD=Ofg=O9
®
=A>©=qº^§gCK
®
=OYZYZNJYZK
C 9U§©tK
®
§gA>C_f@F
)hJ==qº.§gC_K
®
=OYZYZNWYZK
C =O9QI^aZCDAi9J¬=O9Q§
®
K>9(§Dh^NJfhJKOI>=/K!fDN<?WfD§DK>9U§DaZK>Y\aZ¬±WK
®
§Ai9(§DNJ¬AiN<CaZ9JaZ§DaZK
§DabAi9
K>9J²1±JCDA>;>CD=OfDf_abAi9ãF
ﬂ
­NW¬}¬}K
CD]([RAŁºﬁ´^»?%hJK>9<;>=OfaZ9kc4
®
K>²Wh<=@C_aZ9=qº.±JCD=OfDf_abAi9
 
p¤~{~tv
=qº.±B=@C_aZ¬=O9Q§
%hWK>9<;>=Of)aZ9§Dh<=
Unp\v

v
fg].9Q§Dh<=OfDaZfC_K
§g=5A>©#c
®
K>²Jh<=@C_a«9ãF
EﬁA^²J=OYã±JCD=O²Ja
®
§DabAi9Jf
¾

F ·>À8:9¯§Dh<=%±JCD=Ofg=O9
®
=A>©6 9Q§@TãK>9 s¡©AiY«²¤a«9
®
CD=OK>fg=%aZ9¤c4
®
K>²Jh<=@CaZ9ﬁ=qº.±JCD=Of_fDabAi9
®
K>NJfD=OfxK>9 s
©{AiYZ²aZ9
®
C_=OK>fg=1aZ9
®
K>²Jh<=@CaZ9¬=O²Ja«K
§g=O²K>²Jh<=OfDabAi9K>f}PR=OYZYXK>f}K §gC_K>9Jf_ab=O9U§C_=O²JN
®
§DabAi9aZ9­ 9Q§
fDaZ;i9JK>YZYZaZ9J;!aZ9?BA>§Dhk9<A>C¬}K>Y
®
=OYZYZfK>9W²1³°% ¬!N<§DK>9U§DfOTWNJ9J²<=@C=OaZ§Dh<=@C 
¤FÆ8RA>C 
¤FÆ8D8 F
¾

FHÄiÀ89 §Dh<=K
?WfD=O9
®
=A>© 9U§@TK>9 ¡©{AiYZ²G²<=
®
C_=OK>fg=aZ9 c
®
K>²Jh<=@C_a«9 =qº^±WCD=OfDfDabAi94Yb=OK>²Jf§gAﬁK>9
 s¡©AiYZ² CD=O²JN
®
§DaZAi9 aZ9
®
K>²JhJ=@C_aZ9¬=O²WaZK
§g=O² K>²Jh<=Of_abAi9ãF)hJa«f}aZf}K
®@®
Ai¬±\K>9Jab=O² ?Q]KG§gCK>9JfDab=O9Q§
aZ9
®
CD=OK>fg=/aZ9f 9U§xfDab;i9JK>Y«YZaZ9<;!aZ9?BA>§Dh19<A>C_¬}K>Y
®
=OY«YZf)K>9J²k³x°ﬀ% ¬!N<§DK>9Q§Df@F
%Ai9
®
YZNJfDabAi9Wf
8:§aZf9<A>§5±BAifDf_ab?WYb=§gA¤²JaZf
®
C_a«¬}aZ9JK
§g=?B=@§P=@=O9 
¯FÆ8/K>9J² 
¯FÆ8_8x?\K>fg=O²GAi9+¬}K>9Jab±\NJYZK
§DabAi9A>©)c
®
K>²JhJ=@C_aZ9=qº.±JCD=OfDfDaZAi9ãFJc4
®
K>²JhJ=@C_aZ9CD=@±JC_=OfDfDabAi9khJK>fXYZab§g§DYb=Ai9
®
A>;>=O9Ja
®
±BA>§g=O9U§DaZK>YMI^aZKK
®
§DaZIK
§DaZ9J;
 9U§fDab;i9JK>YZY«aZ9<;<TU?\N<§
®
K>91aZ9
®
CD=OK>fD=a«9UI
K>fDabI>=O9<=Of_f?Q]fDab;i9Ja
®
K>9U§DYZ]²<=
®
CD=OK>fDa«9<;
®
=OYZY  
®
=OYZYãK>²JhJ=P
fDaZAi9ãFW89
®
Ai9Q§gC_K>fg§@Tãc
®
K>²Jh<=@C_aZ9ﬁAŁI>=@CD=qº.±JCD=Of_fDabAi9
®
K>9¤§g=O¬±BA>C_K
C_aZYb]kaZ9WhJab?Wab§ 9U§fDab;i9WK>YZYZaZ9<;}K>f
P=OYZYMK>f)f_ab;i9Ja
®
K>9Q§DYb]=O9JhJK>9
®
aZ9J;
®
=OY«Y  
®
=OYZYãK>²Jh<=Of_abAi9ãF
|
0.2 0.4 0.6 0.8 1
proportion functional APC
0.2
0.4
0.6
0.8
1
de
str
uc
tio
n
co
m
pl
ex
0.2 0.4 0.6 0.8 1
proportion functional APC
2
4
6
8
10
tr
an
sc
rip
tio
n
co
m
pl
ex
es
(A)
(B)
¹aZ;<FÁ@¿.F#8¬±WK
®
§!A>©§Dh<=(Kº<aZ9W¸1§gC_K>9Jf
®
Cab±J§DabAi9JK>Y ©=@=O²J?WK
®
È4YZAQA>±MF[YZK
®
È+YZaZ9<=Of 	©{=@=O²<?WK
®
È!YbA^A>±
aZ9JK
®
§DabI>=1¾
; ;
	
K
G
À  MK>9J²¤;>CD=@]YZaZ9<=Of 	 ©=@=O²<?\K
®
ÈXYbAQA>± K
®
§DabI>=ﬁ¾
; ;
	 	
K
G
  
ﬂ
.¾ﬂ  
ﬂ
W¼ L
G
ÀgÀF

 
K>9J² 

fDhJAŁP §DhJ=9<A>C_¬K>YZaZfg=O²1YZ=@I>=OYZf)A>©o²<=OfD§gC_N
®
§DabAi9¯K>9J²1§gC_K>9Wf
®
C_ab±J§DaZAi9
®
Ai¬±WYb=qº.=OfxK>fK
©{NJ9
®
§DabAi9A>©#§Dh<=±JCDA>±BA>CD§DabAi9A>©#K
®
§DabI>=!³°% ±JCDA>§g=OaZ9MT^C_=Ofg±B=
®
§DabI>=OYb]>Fs)hJ=xI>=@C_§Da
®
K>YYZa«9<=OfaZ9J²Ja
®
K
§g=
§Dh<=±WCDA>±BA>CD§DabAi9A>©K
®
§DaZI>=³x°ﬀ% ±JCDA>§g=Oa«9}§DhJK
§hJK>fR§Dh<=xf_K>¬==P#B=
®
§Ai9M 9Q§R§DK
CD;>=@§;>=O9<=x=qº.±JCD=Oft
fDabAi9 K>f/Kk¬}Kº<aZ¬!NJ¬ =qº.§gC_K
®
=OYZYZNJY«K
C= 9Q§5fDab;i9WK>YFﬂ =§DhQNJf/±JCD=O²Ja
®
§§DhJK
§@T ab©o§Dh<=}Kº<aZ9 ©{=@=O²<?WK
®
È
YbAQA>± aZfK
®
§DabI>=aZ99<A>C¬}K>Y
®
=OY«YZf@Te=qº^±BAifDN<C_=§gAkK>9=qº.§gC_K
®
=OYZYZNJY«K
C@ 9U§/f_ab;i9JK>YaZ9J²JN
®
=Ofx9<=@;iYZaZ;iab?WYb]
fD¬}K>YZY
®
hJK>9<;>=OfaZ9M 9Q§t¡§DK
CD;>=@§;>=O9<=x=qº^±WCD=OfDfDabAi9MFUVXA'PR=@I>=@CŁT^P=9<A>§g=§DhWK
§ §Dh<=Ofg=fDaZ¬!NJYZK
§DaZAi9JfoK
CD=
YZabÈ>=OYb](§gAhJKŁI>=A'I>=@CD=Ofg§DaZ¬K
§g=O²¯§DhJ=9<=@;iK
§DabI>=©=@=O²J?WK
®
ÈeTeK>fxaZ91aZ§Df
®
N<CDC_=O9U§)©{A>C_¬ §Dh<=5¬A.²<=OY²JAQ=Of
9<A>§K
®@®
AiNJ9U§©A>CO»)¾ÁŁÀ§Dh<=±JC_=Ofg=O9
®
=A>©xKº<aZ9MÁ¾

  
  
aZf%9<A>§}Kl 9U§§DK
C_;>=@§;>=O9<='À   K>9J² ¾¸iÀ
§Dh<=±BAifDf_ab?WYb=)²Ja«¬=@C_aZfDK
§DaZAi9A>©¬!N<§DK>9U§K>9J²(9<A>C_¬}K>Ye³x°ﬀ% ±JCDA>§g=OaZ9JfOF! =9<A>§g=§DhJK
§R§DhJ=©{=@=O²<?WK
®
È
YbAQA>±¯hJK>f)9<A=P#B=
®
§aZ9k³x°ﬀ%



®
=OY«YZf)9<A>CXa«9k³°%6¡CD=OfDaZfD§DK>9U§m
®
K
§g=O9WaZ9ﬁ¬!N<§DK>9Q§Df@F
¥
 K
?WYZ=/³5FZÁ
»\8:9JaZ§DaZK>Y
®
Ai9J²Jab§DabAi9WfK>9J²±WK
C_K>¬=@§g=@CIK>Y«N<=Of@F
  /SgS B	 Á@¿}9WE
K
/
	 ¸
¿}9WEÏh 
A
ﬂ
	 ·
Â
¿h



)
	 ¿}h


   SgS
/
B	 ÁOÄ ZÁq½(9WE
K
A /
	 ¸>Â
¿ﬁ¾t9WE$h\À



x
	 Âh




	 Á@¿>¿}h


   SgS
'
B	 ¸ HÂ½(9WE
K
A
	 ¸>Â9\E¤Ïh 
x
	
	 Âh

  
x
	 Â%h


   SgS
' 1 B	 ¸ HÂ½9WE
K
A
ﬂ
	 ´
¿¯¾t9WE$h\À



ﬂ
	 ¿ Æ½h

  
x 	
	 Âh


   SgS  	 ¿ HÎi·}9WE
K
x
	 Á@¿>¿}h




	 Â
¿h

  
G
	 ¸
¿>¿h


  1SgS  	 ¸>Â9WE
K
ﬂ
	 Á@¿9WE¤Ïh 
G
	 Á@¿>¿h


  kSgS B	 ¿ Å¿iÎi·}9WE
K
G
	 Á@¿}9WEÏh 
J
	 Áh


  4SgS  	 ¿ Æ½UÄ9WE
K
J
	 Á@¿}h


L
)
	 ¸
¿>¿9WE
   SgS
)
B	 ¿}9\E 
/
	 ¸h


L
x
	 Â9\E
   SgS
) 1
 	 ¿}9WE 
A /
	 ´>Â
¿h


L
ﬂ
	 Â
¿9WE
   SgS

B	 ¿ Æ½UÂ9WE 
A
	 Áh


X~
 K
?WYZ=/³5FH¸^»
­
=O9JfDab§DaZI^ab§¨]K>9JK>Yb].fDaZfC_=OfDNJYb§Df@F
 




¾
 
kÀ 

¾
 
GÀ 

¾
 

t
ÀT


¾
 

ﬂ
À


¾
 


À 

¾
 

'
ÀT


¾
 

/
À


¾
 

)
À 

¾
 
4À
 j	 Á Ä Á ¿ /ÁH¸>Ã ¿.FZÁq½ )¿ HÂi· /ÁHÄ>Î /ÁH¸>´
 j	 ¸ ¸ X¿ HÎi· ¿.FH´>´ ¿.FHÄ>Î )¿ ZÁ ¿.FH´>Ä Á
FH¸½ ¿ HÄ>¸
 j	 ´ ¿.FH¸ ¿ ¿ )¿ ZÁq½ )¿ ZÁ )¿ Å¿iÎ )¿ H¸.Á )¿ ZÁq½
 j	 ½ Á@¿>¿ ¿ ¿ ¿ ¿ )¿ HÂ>Î ¿.FÆ½>½ ¿
 j	 Â ½i¿ ¿ ¿ ¿ ¿ ¿.FHÂ>Î )¿ Æ½>½ ¿
 j	 Î Á@¿ ¿ ¿ ¿ ¿ ¿ ¿ )¿ HÃ>Â

